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SUMMARY
Most of the studies in the present work have been 
done on hand isolated unfixed rabbit medullary neurons.
Some studies were also made on neurons from the anterior 
horns, sympathetic ganglia and dorsal ganglia of rabbits, 
guinea-pigs and frogs. A total of approximately 7000 
cells were examined.
(i) The effects on the cell structure of the haematoxylin 
and eosin staining procedure and mounting in DPX was exam­
ined in 30-4d neurons isolated in 0.9% saline. The cyto­
plasm and nucleolus appeared to be precipitated and shrink­
age of the areas of the cell body, the nucleus and the nu­
cleolus occurred down to 21%, 11% and 6.5% respectively of 
their original unfixed areas.
(ii) In 150-200 isolated rabbit medullary neurons unfixed and 
fixed the DNA appeared to be in the nucleoplasm but not in 
the nucleoplasm of cells in tissue sections. It was con­
cluded that in the latter case dehydration before embedding
could extract the DNA from the nucleoplasm.. The experim ents were 
made w ith  the enzyme D N A se, and w ith  s ta in s .
(iii) Rabbit medullary neurons were incubated in *199’ medium 
plus calf serum (14%) and phytohemagglutinin (0.7%) and the 
incidence of the presence of two nucleoli increased from 17% 
to 29%.
(iv) The neurons from the rabbit Deiters' nucleus were iso­
lated and examined in 0.9% saline by ultra violet microscopy 
with an exciting wavelength of 365oS. They fluoresced with
an apple green colour having a wavelength from 5400-5700§. 
This auto-fluorescence was concluded to be due to lipofus- 
cin.
(v) A nucleolar interface was detected by light microscopy 
in all the 1500 nerve cells of the four different kinds 
from the four different species examined. It was conclu­
ded that this interface was a membrane, and this appears 
to be a new observation.
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1CHAPTER I
HISTORICAL ASPECTS AND AIM OF EXPERIMENTS 
Histology and anatomy
Hooke (1664) was the first to introduce histology and 
the study of biological material like petrified wood and 
the cellular texture of cork. He used the term 1cellula* 
but applied it only to cell walls of plant cells. Hooke 
also described the central body of the cell substance and 
the Nucleus* as its controller. The description of the 
animal cell came from Malpighi (1665) and Hooke, who de­
scribed the cellular composition of the tadpole, and the 
microscopic observation of the hair of the Indian deer 
respectively. Nuclei were in fact first seen by Leeuwenhoek 
(1702) in red blood corpuscles of the salmon fish. Fontana 
(1781) appears to have seen nuclei in tissue cells other 
than those of blood. He also presented the earliest illus­
tration of the nucleolus. Prochaska (1779) reported seeing 
nuclei probably in nerve cells. Treviranus (1816) and 
Ehrenberg (1833) described neurons anatomically. Later Coste 
(1833) published illustrations of nuclei of rabbit eggs. 
Bernhardt (1834), who knew of Coste1 s work, found the nu­
cleus, or 'vesicula prolifera1 as he called it, and publish­
ed figures showing the nucleus in eggs of ruminants and 
of the rabbit, squirrel, bith, cat, mole and bat. Brown
2(1833), who knew of Bauer's drawings of the orchid Bletia 
was the first to recognize that the nucleus is of more 
than sporadic occurrance, and it was he who coined the 
name 'nucleus1 by which this part of the cell has been 
known ever since.
From 1836 onward the existence of nuclei in animal 
cells were reported repeatedly. Purkinje (1836) announced 
that the cells (kttrchen) covering the choroid plexus 
(apparently of man) are each provided with a small 'k&rper- 
chen*. Valentin (1836) marks the beginning of an epoch 
of the nucleated cell in animal cytology. He reached this 
conclusion from his studies of the epithelial covering of 
the vessels of the choroid plexus of the brain and in the 
epithelium of the conjunctiva of man, and noted that the 
nucleus itself contains * a perfectly spherical particle'.
He referred to the cytoplasm of the neuron as 'parenchyme* . 
This he described as 'a grey-reddish finely granular sub­
stance' containing 'small, dispersed, separate, rounded 
particles'. Henle (1837) published a book! describing nuc­
leated cells in very diverse human tissues. The same year 
Seibold (1837) noticed the nuclei in the eggs and biasto- 
meres of nematodes. He called the nucleolus of the egg 
'the Keimfleck*. Dutrochet (1837) illustrated small frag­
ments of frog brain showing large number of cells, pro-? 
bably nerve cells. In the year 1838 Schwann and Schleiden 
presented the significance of the possession of a single 
nucleus by most animal cells and plants respectively.
3Schwann (1838), in a series of cytological papers during 
the course of his work on the nerves of tadpole and toad 
and pig embryos, reported seeing nuclei (Kerne) in cells 
of various body tissues.
Meanwhile, Purkinje, Henel, and Valentin continued 
to make discoveries in the same field. Purkinje (1838a), 
mentioned the 'Centraikern* (nucleus) in the *Kornchen* 
(cells) of the liver. He was also the first (1838b) 
anatomist to publish detailed figures of nerve cells from 
the black substance of the cerebral peduncle of man.
Henle (1838) gave a detailed description of the cell­
ular nature of the epithelia and the lining cells of the 
blood vessels in the human body. The same year Valentin 
(1838) tried to follow the behaviour of nuclei during 
differentiation of the cells of the human embryo into def­
initive forms, and concluded that the nucleus is far less 
liable to modification during deferentiation than the rest 
of the cells. A few years later Remak (1843) described a 
striated appearance in a nerve process, and reported that 
within the larger fibres of the ventral cord of the cray­
fish there exists an axial bundle of very fine fibrils. In 
1844 he published drawings both of the fibrillae in the 
nerve fibre and also of their appearance within the cell- 
body. The striated appearance within the cells of ciliated 
epithelia was described by Friedrich (1859) in the ependy­
mal cells of the human brain, and separately by both Marchi 
and Eberth (1866) in the ciliated cells of the gut and else-
4-where in the freshwater Lamellibranch Anodonta.
2. Structure of the central nervous system
The naked eye anatomy of the nervous system, the con­
cept of the nature of living substance, and the action of 
the nervous system were described by Haller (1760) in his 
classic book ’Elementa Physiologiae*. Magendie (1822) 
elucidated the function of the posterior and anterior roots 
in puppies as incoming and outgoing pathways of the ner­
vous system. Later Bell (1824) gave an account of the 
structure and function of simple and compound nerves of 
the human body and prescribed different terms for different 
parts of nerves. Waller (1850) presented the ’Law of 
Wallerian degeneration’. He showed that if the glossophar­
yngeal and hypoglossal nerves in frog’s tongue were severed, 
the outer segment, containing the axis-cylinders cut off 
from the cells undergoes degeneration, and the central 
stump remains intact for a longer period. From this he 
inferred that nerve cells nourish nerve fibres*
Kfilliker (1889) proved that all nerve fibres are 
enormously elongated processes given off from the nerve 
cells with which they retain continuity, and these nerve 
cells are to be found either in the central nervous system 
or in the various ganglia.
5Neuroglia
The discovery of neuroglia by Virchow (1854) and the 
rediscovery by Deiters (1865) opened a new chapter in the 
history of neuro-anatomy. Deiters showed that each nerve 
cell possesses an axis-cylinder or nerve-fibre process.
His name is perpetuated in 'Deiters1 nucleus1. From care­
ful cytological and morphological observations Holmgren,
(1914) concluded that neuroglia not only encapsulate the 
nerve cell but also establish an intracellular contact with 
the nerve cell body. He also showed that osmophilic gran­
ules were supplied to nerve cells from the neuroglial cells 
and concluded that they had a nutritive function. The fur­
ther intricate relationship between nerve cells and neurog­
lial cells was reflected by the rhythmic pulsatile activity 
of neuroglial cells and their fragile undulating membranes 
cultivated from explants of human brain in tissue cultures 
(Pomerat, 1951).
Neuropile
The volume of the soma of adult neurons varies greatly 
as. does the shape. The ramification of dendrites varies in 
number from a few to a thousand and greatly increases the 
surface area of the nerve cell. The perikaryon of a cortical 
cell only accounts for 10% of the total neuronal surface 
(Scholl, 1956) . The surface of the dendrites of one Purkinje
6cell of adult monkey is further enlarged by the existence 
of small ‘thorns' by as much as 90,000y , and within the 
ramification of the dendrites of Purkinje cell approximately 
278,000 axons pass from the underlying granular cells (Fox 
& Barnard, 1957). It was estimated that within the compass 
of the branches of many single nerve fibres in the cortex 
there may be the perikaryons of 5,000 neurons.
5. The cell membrane
Schwann (1839) and Schleiden (1847) were the first 
to report the presence of a cell wall. Schwann noticed its 
presence in the notochord of young fishes and of amphibian 
larvae. Schmidt (1924) found that the myelin sheath was 
constructed of lipid fluid crystals. Schmitt, Bear and 
Clark (1935) using polarizing microscopy postulated that 
the nerve cell membrane was composed.of parallel leaflets 
of proteins separated by a double layer of lipids. Using 
a similar method Chinn (1938) concluded that the membrane 
consisted of just a surface layer of specially oriented 
lipid and protein molecules. Chu (1954) found that human 
anterior horn neurons had a limiting membrane of high ten­
sile strength and concluded that no definite structure of 
this membrane was discernible by phase contrast microscopy 
or with the aid of staining.
So much of the data on the cell membrane has been der­
ived from indirect studies, for example subcellular fractin-
-ation and low angle diffraction microscopy, but it is 
extremely difficult to study the molecular chemistry 
of a membrane. However important discoveries in the 
field of electron microscopy have confirmed the presence 
of a cell membrane of thickness about 100-15o8 (Palay & 
Palade, 1955; Robertson 1955; Sjfistrand, 1956), which is 
trilaminar in structure (Bloom & Fawcett, 1969,p. 40).
The physiological membrane in isolated rabbit Deiters* 
neuron has been studied by implanting micro-electrodes and 
recording mean reasting potentials of-40mV, which are 
considered to be lower than in. vivo. The resting potentials 
were altered during hypoxia and by changing the surrounding 
media, and they were reversible (Hillman ;& Hyden, 1965 b) . 
However, isolated cells prepared for electron microscopy 
lack the classic double .layered membrane (Roots & Johnston, 
1965) .
Ramon y Cajal (1909) enumerated four types of axon 
terminals (synapse): small buds, end-feet or "buttons";
irregular enlargements containing a network of neurofibrils, 
terminals with compact groups of neurofibrils; and, fourth, 
terminals in the form of small rings. The size of the 
end-foot varies from about 0.5 - 7y. The membrane covering 
the pre and post-synaptic terminals has, at the site of 
junction, a thickness of ^  60S. The interspace is^20o2 
wide (Palay, 1958),
The cytoplasm
In most nerve cell bodies there is present a sub­
stance called "the Nissl substance" (the name coined by 
Garnier, 1899), easily stainable with basic dyes (Key & 
Retzius, 1876). Einarson (1933), staining with gallocy- 
anin and naphtazarin, found that two distinct types of 
cells are present in spinal ganglia. Brachet (1940) 
found that the Nissl substance contained RNA, and consis­
ted of four characteristic nucleotides (Edstrfim & Hyden, 
1954). The Nissl substance has since been found to be 
composed of a ribonucleo-protein probably present as 
"lipo-nucleoprotein" (Hyden, 1963, p. 242).
Under high resolution microscopy the Nissl' substance 
consisted of the cyto-membranes which are a network of 
three-dimensional flat channels, tubules and vesicles 
(Palay & Palade, 1955). The mitochondria were first des­
cribed by Altmann (1890) and in nerve cells have been call­
ed Altmann's granules, neurosomes (Held, 1897) . They are 
less numerous in nerve cells as compared to other cells 
(Thomas, 1947), and their number varies in different types 
of nerve cells (Hartmann, 1949). The mitochondria are 
seen to be surrounded by an outer smooth membrane separated 
from an inner folded membrane which form shelflike pro­
jections, 'cristae1, into the interior (Palade, 1952).
9The nucleus
The constant relation between the volume of the 
nucleus and that of the protoplasm was reported by Hertwig 
(1903) . This relation seemed to be disturbed in the nerve 
cell, Heidenhain (1911) estimated the volume of the cyto­
plasm and processes to be about 125 times that of the nu­
cleolus. According to Bok (1936) the surface area of the 
cat cerebral cortex nerve o e lib o d y  was assumed to be propor­
tional to the volume of the nucleus. Polorization studies 
of Chinn (1938) on invertebrate neurons indicated that the 
nuclear membrane is composed of protein lamellae with their 
long axes parallel to the surface of the nucleus. Hyden 
(1943 a), using ultra-violet micrographic techniques, re­
ported that the nuclear membrane which appeared folded in 
various mammalian neurons was unbroken with heavily absorb­
ing substances on both sides at 2,60oS. The electron micro- 
graphic studies of Hartmann (1953) on fetal, young and 
adult rat neurons revealed that several thin lines formed 
the nuclear membrane. The classic studies of De-Robertis 
(1954), Palay and Palade (1955) revealed the nuclear mem­
brane appears double contoured, the inner component of which 
is 13oS and smooth. The outer osmophilic component is 752 
thick and possesses fine tubular extentions. The presence 
of the nuclear membrane was later confirmed by Roizin and 
Dmochoski (1956). Sjdstrand (1956) did not feel that the
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existence of pores in the nuclear membrane, had been con­
vincingly demonstrated. Chu (1954) using bright-field 
microscopic studies on isolated human anterior horn 
cells reported that the nuclear membrane in stained 
preparation appears as a thin linear structure and is 
easy to observe in nerve cell cultures.
The nucleolus
In a large neuron the nucleolus is a highly character­
istic structure, regardless of the procedures used for its 
visualisation (Hyden, 1963, p. 232; Busch & Smetana, 1970, 
p. 416). The volume of the nucleolus of the large-type
3
neuron in man varies from 2 - 60y ; they may be twice as
large in adult specimens as in young nerve cells of the
same type in mammals. In fishes (Lopius piscatorius) their
3reported volume is 6,000y , and they may have definite 
structure. In nerve cells, the nucleolus is amphophilic 
in its staining properties and often possesses a basophilic 
cortical layer, an acidic centre, and one or more vacuoles. 
Later studies revealed the highest RNA concentration in the 
periphery. Under ultra-violet microscopy at 2,600-3,50oS 
most mammalian nucleoli seem structureless, or have a few 
dense particles in the centre (Hyden, 1943 b) . Estable and 
Sotelo (1951) have, however, described a thread-like struc­
ture embedded in an amorphous substance also in nerve cells.
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At high resolution Horstmann and Knoop (1957) have des­
cribed a thread-like structure of granules which make up 
nerve cell nucleoli. The 1oxychromatin1 and the 'basi- 
chromatin1 of the nucleolar body apparently did not con­
tain DNA and were Feulgen negative. Therefore, nucleoli 
in the nerve cell seen to be Feulgen negative bodies surr­
ounded by ch ro m atin  C H ertl. 19.5;7) /. ■ • •,
The nucleolus has a high mass per unit volume. Bratt 
gard and Hyden (1952) using X-ray microradiography repor­
ted concentration of organic material as 50% in unfixed
rabbit neurons. Hyden and Larsson (1956) found a mass of 
30.40 pg/t and 40% concentration of organic material in 
rabbit fixed spinal ganglion cells, using a computer for 
the evaluation of the X-radiographs.
Methodological aspects
The use of cytochemical methods, in the beginning of the 
twentieth century made possible the localisation and quant­
ification of substances in unfixed and fixed cells. Diff­
erential centrifugation of homogenates, according to var­
ious methods, has been used for studies of milligram samples 
(Richter & Hullins, 1950). For histochemical studies Lowry 
(1952), Pope (1952; 1955), Robins, Smith and Eydt (1956) 
used sections comprising structurally well defined layers
12
of central nervous systems for their dry weight studies.
The errors of using a histochemical procedure and the loss 
of organic material in X-ray micro-radiography were report­
ed by Brattg§rd and Hyden (1952) and Hyden (1953). Inter­
ference microscopy was used for measuring the thickness of 
sections and the weight and mass of free cells which were 
more readily accessible (Barer, 1952; Davies & Wilkins,
1952; Davies, Wilkins, Chayen & La Cour, 1954). A better 
method for absolute measurements and thickness determina­
tion of microscopic sections was developed by Hallen (1956). 
Rudkin and Corlette (1957) devised a photographic method 
for measuring ultra-violet radiation scattered from micro­
scopical objects. Lowry (1957), using a quartz fish-pole 
balance, determined dry weight of spinal ganglion and an­
terior horn cells.
Edstrfim (1953) used isolated nerve cells and other 
structures dissected out with a micromanipulator for cyto- 
chemical and cytophysiological works, and he also made a 
quantitative study of RNA in individual rabbit neurons. For^ 
his quantitative studies Lowry (1953) isolated neurons from 
thick, frozen and dried sections with sharpened needles. Chu 
(1954) devised a differential flotation method for separating 
anterior horn cells from spinal cord. Use of fresh nerve 
cells dissected out by hand with sharpened needles from 
freshly killed animals was introduced by Hyden (1959). Roots 
and Johnston (1964) devised a new mechanical method of iso-
13
-lating nerve cells by passing the vestibular nuclear re­
gion of medulla through a nylon sieve under pressure.
Rose (1967) used gradient centrifugation for isolating 
cells.
Aim of Experiments
Fresh nerve cells isolated by the method of Hyden 
(1959) were used- for different types of analyses. The 
neurons isolated from spinal cord and reticulum were shown 
to have cholinesterase activity (Giacobini & Holmstedt,
1958; Pavlin, 1963), adenosine triphosphatase activity 
(Cummins & Hyden, 1962; Hillman & Hyden, 1965 a), and 
succinate dehydrogenase cytochrome oxidise activities 
(Hyden & Pigon, 1960; Watson, 1966). Most authors have 
used the microdiver for enzymatic measurement (Zajicek & 
Zeuthen, 1956). However the enzymatic 'quantitative studies 
to localise aspartate amino-transferase in rat isolated 
neurons were made by ;Sensenbrenner, Rendon & Hillman, (1968L> 
The changes of enzyme activities (using known activator for 
enzyme) with the development of dissociated chick embryo 
neurons, were made by Sensenbrenner , Booher and Mandel.. (1971). 
The microdiver technique for measuring respiration of cor­
tical neurons and neuroglia was reported by Epstein and
O'Connor (1965) and Hertz (1966). The latter author show- 
+ed that high K concentrations in the medium increased the
14
oxygen uptake of neuroglia but not neurons. More recently 
Hertz and his collaborators have been measuring oxygen 
uptake in cultured neurons and neuroglia and comparing 
them with freshly isolated cells (Booher, Fosmark & Hertz, 
1971; Booher & Sensenbrenner, 1972? Nissen, Ciesielski- 
Treska, Hertz & Mandel, 1973? Dittman, Sensenbrenner, Hertz 
& Mandel, 1973). The latter group reviewed the measurement 
of oxygen uptake in isolated cells and the values cited for 
those separated by micro-dissection were different from 
those separated by gradient centrifugation (Rose, 1967? 
Haljamae & Hamberger, 1971).
Other tests of viability of isolated neurons were the 
demonstration that they have resting potentials (Hillman 
& Hyden, 1965 b).
In the present experiments the following properties of 
hand isolated unfixed mammalian neurons were studied:
(i) the action of differeht reagents used in histological 
techniques?
(ii) the localisation of DNA and RNA?
(iii) the structure of the cells as revealed by incubation
in different culture media;
(iv) the structure of the cells as revealed by ultra-violet 
light?
(v) the fine structure at high magnification of unfixed
neurons as revealed by various kinds of light microscopy.
The cranial nuclei were located in the floor of the
15
fourth ventricle, and the neurons were large enough to 
isolate by hand and studied. Neurons from the anterior 
horns and the sympathetic and dorsal ganglia were also 
studied. Large neuron cell bodies are affected in polio­
myelitis, motor neuron disease/ and sections of nerves, 
and it was considered that the cells studied here were a 
good model of such cells in vivo as are affected by these 
diseases.
16
CHAPTER II 
GENERAL METHODS
Adult Dutch rabbits (1.5-4 kg), guinea-pigs{(no
specific strain) weighing 400-500 g, and Wister albino
rats (200-300 g) were placed in a glass box 31x32x35 cm,
with a pad saturated with ether and the top slightly
2open to allow a hole about 2 cm for air to enter.
When the animals began to appear drowsy the hole was 
closed, and the anaesthesia allowed to proceed until 
respiratory movements of the chest began to decrease; 
this method of induction with air and ether avoided 
the rather violent excitatory stages seen if the ani­
mals were placed in a closed box immediately, and the 
carotid arteries of the rabbits, guinea-pigs and rats 
were immediately severed with scissors and they were 
exsanguinated (Hillman & Hyden, 1965a). The frogs 
(Rana-pipiens) were anaesthetised with a mixture of 
ether and air, and decapitated using sharp scissors,. 
and different kinds of neurons isolated immediately, as 
mentioned below, for further studies.
The cavity slides formerly used to examine iso­
lated cells (Hillman & Sheikh, 1968; Hillman & Khalawan, 
1970) were not suitable for phase-contrast microscopy as
the cavity acted as a lens, so a chamber with plane para
2llel surfaces was designed. 22 mm strips of standard
17
double-sided adhesive tapes about a 100 ym thick were 
cut into sections and were laid with backing paper 
downward; circular holes 11 mm in diameter were punched 
out with a hollow hand punch in the centre of the 
square strips, which were later applied by their ad­
hesive side to clean, blemish-free, plane microscope 
slides. The protective backing was kept in place and 
intimate contact with the slide was obtained by rubb­
ing with lint-free cloth. Microscopical slides were 
later stored in Petri-dishes. When the slides were 
ready for use the backing paper was stripped off.
The following four kinds of neurons were isolated 
for further studies:
1. Medullary neurons
The medulla oblongata of each animal was removed 
as quickly as possible (Fig. 1, a & b) and transverse 
sections 1-2 mm were cut with a sharp scalpel at the 
level of the acoustic tubercles in the middle of the 
Deiters* nucleus and sections were taken throughout 
medulla (Fig. 1, c), and stored in freshly made ice 
cold sucrose (250 mM), NaCl solution (150 mM) or in 
frog-Ringer solution. The neurons from a cut surface 
of the brain slices immersed in freshly made isotonic 
solutions, were dissected free hand under binocular
18
microscopic vision, at a magnification of x20 to 
x8.0, using stainless steel wire 30y or 50y in di­
ameter mounted in a glass handle (Fig. 1, d) (Hyden, 
1959). Usually a very small amount of methylene .blue 
dissolved in the sucrose or NaCl solution (the latter 
had to be warmed to dissolve the methylene blue) was 
applied to the cut surface.using a pipette. After a 
few seconds the methylene blue solution was washed off, 
and in this process the stain was taken up by the neur­
ons, and they were separated from the cranial medullary 
nuclei from the floor of fourth ventricles; then the 
neurons were transferred to droplets of sucrose, NaCl 
solutions, '199' culture medium (Morgan, Morton'& 
Parker, 1950), or frog-Ringer solution placed on micro­
scope coverslips 22 x 22 mm no. 1% already rinsed in 
absolute alcohol and dried. Neurons were separated 
from adhering neuroglia by gentle manipulation; they 
tended to adhere to the coverslips or slides well if 
rinsed in absolute alcohol and dried and if the brain 
sections were fresh or were stored in freshly made su­
crose or NaCl solutions (Hyden, 1959; Hillman & Hyden, 
1965a). To convert the coverslips into plane parallel 
walled chambers, the backing paper of adhesive tape 
were stripped off and fairly large drops of the freshly
P repa ra tion  of Rabbit B ra in  fo r  Iso la tion  of Neurons,
F ig . 1
a, section between the cerebrum  and the cerebellum ,
b, section between the medulla oblongata and the spinal cord,
c, section of the b ra in  at the leve l of the acoustic tuberc les ,
d, the iso la tion by hand under a dissecting m icroscope (x20) using a 
sta in less steel w ire  fo r  p icking neurons from  the cut surface of the 
m edulla. Fo r th is  photograph, the methylene blue so lu tion has been 
le ft to show the sta in less steel w ire , but usua lly  i t  is washed before 
ce lls  are isolated.
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made media were placed in the centre of the punched hole. 
The coverslips already prepared were inverted over the 
drop of fluid and lowered to make contact with the ad­
hesive face of the tape. Slight pressure was applied 
round the edges of the coverslip with a soft paper tissue 
under forefinger to force out excess fluid and cause the 
coverslip to adhere to the tape. The cells could then 
be examined with different objectives. The chambers 
so formed were air-tight, and the preparation could be 
incubated at the required temperature. The excess tape 
could be trimmed, and the coverslip could be ringed with 
hot beeswax when it was desired to make the mount per­
manent (Sartory, Fasham § Hillman, 1971).
2. Anterior horn cells
The spinal columns were isolated by removing the 
skin, muscles and ribs from the dorsum of the animals 
and pieces of spinal column a few centimetres long sev­
ered. The spinal cord was dissected by cutting open the 
neural canals with the help of bone cutters, and section­
ed into 2-3 mm thick slices, and the neurons isolated and 
enclosed in parallel walled chambers as described in the 
previous section.
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3. Dorsal ganglion cells
The isolated spinal columns (as described in pre­
vious section ) were dissected under low power micro­
scopic vision (x20) and the posterior processes of the 
spine and the roofs of the vertebral canals were remov­
ed to isolate the dorsal ganglia. The individual gang­
lion was then dissected out in NaCl solution, 1199* 
medium, or in frog-Ringer solutions, from the dorsal 
aspect using mounted needles and fine forceps; they 
were then placed in fresh ice cold media as above where 
they were separated from adherent tissue and later trans­
formed to plane parallel surface chamber (already pre­
pared) containing '1993 medium, NaCl solution or frog- 
Ringer solution. The ganglia were teased open, very 
many cells were liberated by slight agitation, and the 
ganglion capsules were then discarded (Hillman &
Khalawan, 1970), and the chambers enclosed by gradual 
lowering of the clean blemish free coverslips over the 
drop of fluid. After proper contact with the adhesive 
face of the tape, the edges could be sealed for further 
studies as already mentioned in section 1,
4• Sympathetic ganglion cells
When the sympathetic cells were used, the wThole 
ganglion chain was dissected out usually in one piece
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under the dissecting microscope at a magnification of 
x20 using mounted needles and fine forceps. The ganglia 
chain was placed on a microscopic slide where it was 
freed from adherent fat bodies. Each ganglion was then 
transferred and teased open in the specific medium al­
ready. placed in a plane parallel walled chamber and 
were later sealed as described in section 3.
The cells were viewed at different lengths of time 
after the death of the animals, and were kept between 
examinations in a refrigerator at 4°C, or at 37°C if 
kept in '199' medium and the following methods of micros­
copy were used at different times: transmitted light,
vertical illumination, dark-ground illumination, phase- 
contrast, interference-phase-contrast, anopteral phase- 
contrast, polarized light, and ultraviolet light. The 
majority of observations were made using transmitted 
light or phase-contrast objectives xlO, xl6, and x40 
with an overall magnification of 160 to 640 diameters.
In all the photographs Ilford Pan F was used, ex­
cept in the case of ultraviolet microscopy where Ilford 
HP 4 film was used.
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CHAPTER III 
EFFECT OF FIXATION, STAINING AND 
DEHYDRATION ON ISOLATED CELLS
1. Introduction
(i) Fixation.
Most of the present day studies are carried out 
on fixed tissues , and fixation occupies a position of fun­
damental importance in microscopical histochemistry. Even 
so, it is nowadays also one of the most neglected aspects 
of histochemical technique, Most procedures have been 
uncritically adopted from cytology or histology and tacitly 
assumed to give the ’right result' , be that what it may.
The changes brought about by fixation are described as mani­
fold; with formalin fixation after initial swelling of the 
human brain there was later a decrease in volume to final 
values below the normal values (King, 1910; Stevenson, 1923) 
which were later confirmed by Blinkov and Glezer, 1964 and 
Dvorak, 1964. Brattgard and Hyden (1952) reported loss of 
proteins in rabbit Deiters1 neurons when fixed with Carnoy's 
solution or formalin. Robin, Smith and Eydt (1956) reported 
76 to 83% shrinkage in volume of monkey cortical, tissue 
when fixed, embedded, sectioned and stained. Brattgard, 
Edstrom and Hyden (1957) reported that Carnoy’s fixative 
gives a shrinkage of 60% and 80% in nerve ceils from rabbit 
and fish respectively. Baker (1958) working on neurons of
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snail suggested that the detailed structure seen in elec- 
tron-micrographs is a reaction product between the fixa­
tive and what was present in the living cell. Lodin, Mares, 
Faltin and Karasek (196 9) reported that Purkinje cells 
shrunk due to fixation, and enlarged their volume in the 
course of embedding. The nuclei increased in size by 
50%, and the cytoplasm by 8% of the area after fixation.
(ii) Staining
The earliest examples of the use of dyeing in bio­
logical micro-technique was due to the discovery made by 
Leeuwenhoek (171.9) who soaked sections of cow muscle in cr oc us  
e x t r a c t  and examined them microscopically. Although 
Vieussens (1684) probably was the first to stain certain 
tissues of the brain by injecting dye dissolved in wine, 
there is no evidence that he studied the structure of the 
stained tissue microscopically. Since the period 1800 to 
18 90 when microscope objectives sufficiently corrected for 
aberrations became available, fixatives, stains and aniline 
dyes of various types, first found an application in cy­
tology. Key and Retzius (187 6) reported the presence of a 
basophilic substance easily stainable with basic dyes in 
the form of granules, thin plates, or in more diffuse fine 
granular form. Nissl (1896) devised a special staining 
method and in a systematic study classified the nerve cells 
with respect to the pattern and the staining intensity of 
the basophilic substance. Finally Nissl tried in several
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experimental studies to reveal the physiological importance 
of the Nissl substance. Heidenhain (1911) characterized 
the substance as a "cytochromatin" on the basis of ob­
servations by Goldschmidt (1884) and Scott (1898) that 
the basophilic substance emerged from the nucleus and was 
formed by the chromatin. Held (1895 ; 1897) was of the 
opinion that the Nissl substance in sections was a pre­
cipitation product, and an artifact. Polarizing against : 
this view, Dogiel (1897) and Cajal (1904) observed that 
the Nissl substance in fresh cells was readily stained 
with methylene blue, and this substance undergoes chroma­
tolysis if the axons were severed (Hyden, 1963, p. 238) . 
Heidenhain (1911) put forward the hypothesis that the 
Nissl substance is stored in the cell during specific ner­
vous activity, and the cytochromatin. should supplement the 
activity of the nucleus. Stohr (1923) using haematoxylin- 
eosin staining methods classified smaller and larger spinal 
ganglion cells on the basis of their staining pattern. 
Saguchi (1930) reported that the larger cells described by 
Stohr (1923) are missing in rabbits. Einarson (1933) and 
Kiss (1933) using various staining methods distinguished 
between chromophobic and chromophilic spinal ganglia cells. 
Fischer and Ranson (1933) sharply criticized the fixing 
method adopted by Kiss (1933) and showed that the probable 
character of the results as artifacts.
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(iii) Dehydration. •
Weil (1928) was among the earliest investigators who 
reported the drawbacks of dehydration. He reported that 
the brains of monkeys decrease their weight by 40% after 
fixation in 10% formalin and dehydration with ethanol, and 
the volume decreases by 30%. In the same year, Kraus, 
Davidson and Weil (1928) reported that human brain fixed 
in formalin and dehydrated in ethanol shows a weight de­
crease by 27 to 29% and the volume decreases by just 12 
to 13%. Lodin, Mares and Skrivonova (1968) reported a 
10% decrease in the nuclear area of isolated Purkinje cells 
after 1 to 15 minutes fixation and dehydration, whereas 
shrinkage was most significant after 30 minutes fixation. 
Lodin, Mares, Treska and Stibral (1969) working on indi­
vidual cells ana tissue cultures of Purkinje cells re­
ported that individual neurons do not shrink to the same 
extent as that of tissue cultures. Whereas dehydration, 
clearing and embedding reduced the area of cells from 2 
to 3 times more than fixation, difference between the 
shrinkage of the nuclei and of the cytoplasm increased.
Hyden (1963, p. 216) has the view that in ordinary 
cytological preparation procedures, a large part of the 
organic material is removed from nerve cells. Although 
notable results on the effects of fixation, staining, de­
hydration and mounting have been mentioned in above cited 
literature, it is important for present neurobiology and
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histochemistry of the nervous system to know how the fix­
ation, dehydration and staining changes affect the indiv­
idual elements of the nervous tissue. In the present 
section an attempt has been made to compare the change in 
the area of isolated nerve cell bodies, nuclei and nucleoli 
after fixation, staining and dehydration.
Materials and methods
The rabbit medullary neurons were isolated in 0.9%
NaCl solution by hand as described above (p. 17 ) and 
were made to adhere to microscopical slides using *199* 
medium. Later these slides were converted into two-way 
open chambers using double sided adhesive tape and cover­
slips to facilitate constant microscopical observation, 
while the cells were treated by running different media 
under the chamber with filter paper. The cells were fixed 
using 10% buffered formalin for 10 to 15 minutes under con­
stant observation. Later they were treated with 15% alcohol 
for 3 to 5 minutes before staining with 0.6% Delafield's 
haematoxylin in 20% alcohol for 2 minutes and differentiated 
in 1% hydrochloric acid in 70% alcohol until the nuclei were 
selectively stained. Later the blue colour of the haemato­
xylin was regained by washing in alkaline running tap water 
for 5-7 minutes. The same cell for differential staining 
was then stained with 1% aqueous eosin for 4-5 minutes, and 
the surplus stain was removed with gentle washing in distilled
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water. Finally the neurons were dehydrated and cleared 
for 3-5 minutes in xylene before being mounted in DPX 
(a mixture of distrene, a plasticizer and xylene). The 
observations and photographs of unfixed, fixed, dehydrated 
and stained cells were made with transmitted light and 
phase-constrast microscopy at a magnification of 640 
diameters.
The percentage area of the fixed cell is calculated 
relative to the area of the unfixed cell which is taken 
to be 100%, and was calculated from the weights of paper 
traced from the transmitted light micro-photographs which 
are all at the same magnification. During the whole series 
of these experiments about 30-40 neurons were stained and 
examined, but in the following section only the photographs 
of a typical cell are given.
Results
(i) Unfixed cells
The unfixed and unstained neurons examined in *199* 
medium under transmitted light microscopy, had a rounded 
to triangular appearance with a membrane around them and 
varying number of dendrites arising from them. The dia­
meters of ceil bodies, nuclei and nucleoli were 72y+18y,
the + values are standard deviations  
19y +3 y, 7y +2y respectively/ The presence of synapses
on the cell soma gave the cytoplasm a granular appearance. 
The nuclear membrane was distinct, and the nucleolus was
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surrounded by clear nucleoplasm, having a uniform interface 
and containing refractile bodies (the nucleolonema)""em­
bedded in clear pars amorpha. (Fig. 2,a ). Under phase- 
contrast microscopy the halo-effect around the cell body 
and nucleus was very prominent, and due to which the cell 
and nucleus appeared somewhat smaller than their actual size 
and the cell wall was not quite distinct. The cytoplasm and 
nucleolus having a lower refractive index than nucleus were 
presenting a high contrast. The synaptic knobs present on 
the cell body were very conspicious. The nucleus was surr­
ounded by a nuclear membrane, and inside the clear nucleo­
plasm was present the nucleolus with uniform circular in­
terface, highly refractile bodies or the nucleolonema and 
was surrounded by clear pars-amorpha (Fig. 2, b).
The percentage of the areas in the following sections 
are relative to the area of the unfixed cell taken as 100%, 
and were calculated from the weights of paper traced from 
the transmitted light micro-photographs, all at the same 
magnifications.
(ii) Effect of fixation
In buffered formalin fixed cells the nuclear area 
decreased to 92.5% and the nucleolar area.increased to 114% 
in a typical cell, whereas the areas of unfixed cell, nucleus 
and nucleolus were 100%. (Fig. 3). When observed under trans­
mitted light microscopy (Fig. 2, c) the cytoplasm and nucleo­
plasm seemed to be precipitated which lowered the contrast of
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different neuronal orga-nells. Under phase-contrast micros­
copy the fixation lowered the cytoplasmic and increased the 
nucleolar refractive index (Fig. 2,d). An increase in nu­
cleolar refractive index was seen as a result of the pre­
cipitation of nucleolonema, and which in return lowered the 
nucleolar contrast.
(iii) Treatment with 15% alcohol.
Treatment with alcohol before staining with haematoxy- 
lin caused the cell, nucleus and nucleolus to swell 115%, 
129.5% and 124% respectively of the area of the unfixed cell, 
nucleus and nucleolus which were 100% (Fig. 3). The con­
trast between different cell organells was increased under 
both transmitted (Fig. 2,e) and phase-contrast microscopy.
The precipitation caused by fixation and treatment with 15% 
alcohol, which increased contrast between nuclear membrane, 
nucleoplasm, nucleolar interface and nucleolonema was quite 
distinct under phase-contrast microscopy (Fig. 2,f). The 
treatment also introduced the appearance of the halo around 
nucleolus.
(iv) Haematoxylin staining.
When the cells were observed immediately after haemat­
oxylin staining under transmitted light microscopy, the cell, 
nucleus and nucleolus shrunk substantially to 53%, 50% and 
74% respectively, compared to the areas of the unfixed cell,
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nucleus and nucleolus which were 100% (Fig. 3). The in­
tensity of blue stained nucleus appeared greater than the 
cytoplasm. The indentations appeared probably due to 
shrinkage in the nuclear membrane and nucleolar interface 
(Fig. 2,g). Under phase-contrast microscopy (Fig. 2,h) 
the haematoxylin staining decreased the contrast between 
cytoplasm, nucleus and nucleolus, probably due to shrinkage, 
and increased the halo-effect around the cell wall, probably 
obscuring the halo around the nucleus. The stained granular 
appearance of the cytoplasm became more intense, and the 
indentation of the nuclear membrane and nucleolar interface 
was distinct, probably because of shrinkage in area. The 
haematoxylin staining also seemed to have precipitated the 
nucleonema which lost the contrast when observed under both 
kinds of microscopy.
(v) Eosin staining.
Immediately after eosin staining when observed under 
transmitted light microscopy, (Fig. 2,i) the cell, nucleus 
and nucleolus swelled and the areas increased to 82%, 86% 
and 98% respectively, as compared to haematoxylin staining 
(Fig. 3), and the cytoplasm was heavily stained pink. Under 
phase-contrast microscopy, beside swelling, no other signi­
ficant change was observed (Fig. 2,j).
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(vi) Effect of dehydration.
After the addition of 100% alcohol the cell, nucleus 
and nucleolus shrunk drastically to 46%, 44.5% and 48.5% 
of their areas respectively, when the areas of unfixed cell, 
nucleus and nucleolus were taken as 100% (Fig. 3)* Although 
the dehydration increased the contrast between different 
parts of the cell, it further diminished the contrast of the 
nucleolus and left the nucleolar interface intact but shrunk­
en. When seen under transmitted (Fig. 2,k) and phase-con­
trast microscopy, the indentation of the nuclear membrane 
and nucleolar interface was more distinct under phase-con­
trast microscopy (Fig. 2,1).
(vii) Effect of clearing.
After clearing of the cells with xylene when observed 
under transmitted light microscopy (Fig. 2,m) the cells 
were more transparent but it caused the cell, nucleus and 
nucleolus to shrink 27.5%, 26% and 14% respectively, when 
the area of the unfixed cell, nucleus and nucleolus was 
taken as 100% (Fig. 3). The whole of the nucleus was com­
pletely precipitated. Under phase-contrast microscopy the 
refractive index between nucleus and nucleolus decreased 
more, so the nucleolus was hardly visible. Treatment with 
xylene also abolished the halo around the cell (Fig. 2,n), 
and the nucleolar interface could no longer be seen under
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both kinds of microscopy.
(viii) Effect of mounting.
When the cells were mounted in DPX and. observed under 
transmitted light the cell body shrunk to 21%, the nucleus 
to 11% and the nucleolus to 6.5%, whereas the areas of the 
same unfixed cell, nucleus and nucleolus were taken as 100% 
(Fig. 3) . -
Vacuole formation gave a fibrillar appearance to the 
cytoplasm. The nucleus turned to a black mass and the 
nucleolus could no longer be seen (Fig. 2,o). Under phase- 
contrast microscopy the presence of vacuoles was prominent 
in the cytoplasm, the refractive index of nucleus increased 
and the nucleus seems to be completely precipitated (Fig. 2 
■ P )  *
4. Discussion
After fixation the loss in contrast between different 
cellular components seems to be due to the precipitation of 
different cellular compounds which could later obscure the 
finer detail of the cell (Fig. 2,c & d) . Various chemicals 
which are used as fixatives do precipitate the cellular 
proteins and produce some clumping of the nuclear material 
and sap, which then becomes granular (Baker, 1966, p. 25;
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Bloom & Fawcett, 1969, p. 9). Fixatives also produce a 
coarse coagulum in the cytoplasm and nucelus which obscures 
the mitochondria (Baker, 1966, p. 33). The findings of 
poor visibility because of precipitation are consistent to 
those of Bloom and Fawcett (1969, p. 8) in which they noted 
the precipitation of cytoplasmic and nuclear proteins in 
fibroblast cells after fixation. As a result the cytoplasm 
becomes granular and the cellular organells are no longer 
visible. Fixatives also bring foreign materials into the 
cell, deposit in the tissue, and produce 'fixation arti­
facts1 which Baker (1966, p. 25) defined as 'extrisinic 
factors'. After fixation the shrinkage brings about dis­
tortion of the cell membranes which is correlated with the 
direction of penetration of histological reagents (Pantin, 
1968), which Baker called the 'intrinsic artifacts1. The 
nucleolar shrinkage is due to the loss of the RNA (Baker, 
1966, p. 51).
One or several of the following fixation effects could 
also be responsible for precipitation and poor contrast 
between different cellular organelles:
a) Neurath, Greenstein, Putnam arid Erickson (1944) and 
Putnam (1960, p. 61) found that the 'nature' of protein 
is however profoundly changed by fixation and it is said 
to be denatured;
b) there is some evidence that the unfixed acidic proteins 
may eventually be dissolved during the process of fixation
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(Seki, 1936);
c) most of the fixatives render the nucleic acids from 
weakly precipitated forms to completely insoluble forms 
(Baker, 1966, p. 35 & 37) ;
d) nearly all the fixatives harden the tissue chiefly by 
coagulating the cytoplasm (Ham & Leeson, 1965, p. 7).
e) the fixation before staining renders the tissue more 
basic or more acidic than it was in the unfixed state and, 
as a result, the affinity of the protein for basic and 
acidic dyes is changed (Baker, 1966, p. 33) .
The obscuring effect of most of the cellular fine de­
tail is probably because of the affinity of their reactive 
sites towards the basic and acidic dyes, and the diffusion 
of dyes is subjecting the cell to many types of forces act­
ing either separately or simultaneously (McKay, 1968). The 
nucleoproteins remain strongly stainable by basic dyes, but 
are not stabilized and may eventually be dissolved during 
later stages of dehydration and mounting (Baker, 1966,' p. 33) .
During dehydration, clearing and mounting the significant 
shrinkage in cell volume is probably due to the treatment 
with organic solvents, like alcohols and xylene, which are 
normally used for lipid extractions (Bloom & Fawcett, 1969, 
p. 10? Hillman, 1972, p. 47), so the cell loses most of its 
lipid contents during dehydration. Beside significant shrink­
age in cell volume, unknown proportions of water soluble 
proteins (Allfrey, Stern,,- Mirsky & Saetren, 1952) , hormones,
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amino-acids, fatty-acids, and vitamins are lost, and in­
soluble cytoplasmic constituents will be precipitated out 
(Hillman, 1972, p. 56). Fixed and stained cells during 
dehydration will also be deprived of certain denatured pro­
teins by the redisolving action of the alcoholic medium 
(Neurath et al ., 1944). The clearing effect of xylene 
precipitated the whole of the nucleus and nucleolus and 
obscured all the fine details. So a fixed, stained, de­
hydrated and mounted preparation is not dynamic and this 
differs essentially from living cells(Pantin / 1968) . The 
effect of the above-mentioned treatment can best be studied 
in isolated cells (Baker, 1966, p. 28).
The present findings of area shrinkage of fixed, stained, 
dehydrated and mounted cells are similar to those of Robins 
et al. (1956), although they obtained these values on fixed, 
embedded and stained Betz cells of cerebral cortex.
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CHAPTER IV 
LOCATION OF DNA AND RNA IN NEURONS
1• Introduction
Leeuwenhoek (1719.) was the first to introduce stain­
ing of histological sections; Corti (1851) was the first 
to describe nuclear staining by using carmine to stain 
the epithelial lining of the cochlea. Fromman (1864) 
first employed silver salts for the impregnation of nerve 
cells, but the modern vital staining was established dur­
ing the late nineteenth century, during which Golgi (1873) , 
one of the pioneers of the microscopical study of nervous 
systems, developed a method of depositing metallic salts 
in nerve cell structures and described axons and dendrites. 
In the year 1898 he used a method of silver impregnation 
to describe the network or 1 internal reticular apparatus1 
in the purkinje cells of the cerebellum of owl. Fischer , 
(1876) working on the same lines, demonstrated nerve end­
ings by means of gold chloride. Later March! (1885) dev­
eloped a staining method of degenerating myelin sheaths. 
Cajal (1892) the great histologist devised many staining 
methods for nervous tissue, and his research stamped upon 
biology the conception of an immensely complex series of 
systems of transport of nerve impulses. In 1928 he report­
ed his work on degeneration and regeneration of the nervous
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system which was of fundamental importance to neuroanatomy.
In 1896 Levi described acidophilic bodies in the 
vicinity of the nucleolus in ganglion cells, and Cajal 
(1911) after impregnation observed minute silver reducing 
particles in the nuclear area. Saguchi (1930) described 
weakly acidophilic and basophilic structures in ganglion 
cell nuclei and called them'nucleonephelium*and consider­
ed that they migrate out into the cytoplasm and give rise 
to Nissl's bodies. Scott (1899) investigated the develop­
ment of nerve cells in different mammals after staining 
with tolaidine blue-erythrosin and concluded that chromatin 
of the nucleus directly precipitates in the formation of 
Nissl's bodies in the cytoplasm (see Hyden, 1943d). Collin 
(1907) had the view that when the tigroid bodies begin to 
differentiate in the neuroblast the nuclear chromatin de­
creases.
Miescher (1869) was first to demonstrate that the 
nucleic acids are one of the main components of the nucleus 
by analyzing the chemical composition of pus cells, sperm­
atozoa, hemolyzed nucleated red cells of birds, and other 
organisms. Mfillendorff (1925) contends that no conclusion 
whatsoever in general can be drawn from histological stain­
ing. The sole exception occurs in certain cases which' are 
obtained with basic dyes and are due to precipitation of 
nucleic acid colloid by the penetrating dyes. Hammarsten 
and Teorell (1928) studied the reaction between dyes and 
nucleic acid protein compounds and concluded that the
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very minute amounts of protein completely "masked" the 
nucleic acids in the staining tests and further indica­
ted the general lack of specificity in the staining. A 
copious literature on this subject shows the unreliabil- 
ity of those staining methods (Lison, 1937;Riese., 1938) . 
Riese (1939) investigated the development of nerve cells 
in the occipital lobe of bear and attached great impor­
tance to the increased distribution of basophilic sub­
stance in the cytoplasm and to the pale nucleus.
With the introduction of specific tests for thymo- 
nucleic acid by Feulgen and Rossenbeck (1924); Caspersson 
(1936; 1940) designed an ultra violet microspectrographic 
method for the localisation and determination of nucleic 
acids. Brachet (1940) concluded that the Nissl substance 
contains RNA on the basis of the results of Pappenheim 
(1899) using methyl green-pyronin differential staining 
after digestion of RNA with ribonuclease, and these res­
ults were confirmed by Edstr6m and Hyden (1954) . With 
the extensive use of Feulgen and Rossenbeck*s tests to 
demonstrate and localize DNA in histological preparations, 
from time to time both the specificity of the reaction and 
its ability to indicate the site of DNA in the cell have 
been suspected (Semmens, 1940; Carr, 1945) but under pro­
per control conditions it is specific and shows the site 
of localisation of DNA in the cell (Chong-Ri^ Li & Stacey, 1949 
Overend & Stacey, 1949; Stowell, 1946)..' Darlington 
(1942; 1947) particularly studied the chromosomes and
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pointed out the vital importance of the Feulgen re­
action in making chemical processes in the nuclei 
visible. Michaelis (1947) showed that nucleic acids 
can depress polymerization of the toluidine blue which 
then shows an absorption spectrum; this was also the 
case with stained nucleic acid in histological sections 
(Hyden, 1963, p. 243). Mitchell (1942) used the tetra- 
zonium reaction for the demonstration of cytoplasmic 
ribonucleoprotein in tumour cells and subsequently Danielli 
(1947) for staining chromatin in the chromosomes. Later 
Barnard and Danielli (1956) and Barnard (1961) reported 
comprehensive studies of coupled tetrazonium reaction in 
relation to nucleic acids.
Kurnick (1952) studied the selective and histological 
staining of different human, rat and chick tissues by 
methyl green-pyronin. Alfert (1952) investigated the cap­
acity of nucleic acids to combine with basic dyes under 
various conditions using fixed tissues from several animals 
and concluded that the specificity of nuclear DNA which 
methyl green exhibits in many tissue is caused by block­
age of stainable groups of RNA by protein. Sibatani 
(1952) using pyronin-methyl green demonstrated the presence 
of nucleic acids in various tissues of adult rat. Kaufmann, 
McDonald and Gay (1948) using the same staining methods 
found enzymatic degredation of ribonucleoproteins of 
chromosomes, nucleoli and cytoplasm. Walker and Yates 
(1952) made quantitative studiesfof DNA on living erythro-
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-cytes and sperm nuclei of various animals, and Gay at 
and Bonichon (1961) using Feulgen and toluidine blue 
demonstrated biological differentiation of DNA and RNA 
respectively in the developing chick brain. This obser­
vation supports the work of Mandel, Bieth and Stoll 
(1949) .
The knowledge concerning the localisation of defin­
ed substances in the nerve cells is based primarily on 
the study of fixed and stained tissue sections. The 
opinion has often been expressed that the nuclei of the 
neurons did not stain for chromatin (Heidenhain, 1911), 
and this has been confirmed by Hyden (1963, p. 235) ,
Adams (1965, p. 255), Bloom and Fawcett (1969, p. 308) , 
and Busch and Smetana (1970, p. 416). The explanation 
offered was the possible loss of the organic materials 
.from the nucleus on fixation (Hyden, 1953). This problem 
has stimulated attempts to study the localisation of DNA 
and RNA in the cells without sectioning them, and for 
this purpose isolated unfixed cells were examined by phase 
contrast microscopy before and after treatment with DNAse 
and RNAse. They were also stained by several routine 
procedures normally used for detecting DNA and chromosomes 
Histological sections of the medulla have been embedded 
and stained using the same procedures to compare the local 
ization of DNA by the different methods.
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Materials and methods
The localisation of the nucleic acids in the ‘ 
medullary neurons of adult rabbits were made by making 
the following kind of observations:
(i) the group of 10-20 neurons were made to adhere to 
coverslips, and later were converted to parallel walled 
chambers (p. 18 ) containing *199* medium. Without seal­
ing the edges of the coverslip, the cells were photograph­
ed, and the maximum diameter and the diameter at right 
angles to this of the cell body, the nucleus and the 
nucleolus were measured with a calibrated eye-piece grati­
cule. The product of these two was used as a measure of 
100% of the area of each cell body, the nucleus, and the 
nucleolus. The '199* medium in the unsealed chamber was 
then replaced with a mixture of *1991 medium plus lOmg/ml 
of DNAse from beef pancreas or RNAse 'from bovine pancreas, 
(both obtained from Sigma Ltd.), and the chambers were 
then sealed for later studies. On subsequent examinations, 
the above mentioned parameters were again measured in the 
same cells, and the calculated areas of each were expressed 
as a percentage of the initial ones.
(ii) In a further group of experiments the neurons were made 
to adhere to clean microscopical slides and incubated at 
37°C for four hours in 11991 medium with and without DNAse
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(lOmg/ml). These cells were then fixed and stained with 
the eight different combinations of stains used for: DNA 
or chromosomes as indicated in Table 1.
(iii) The rabbits were killed by cutting their carotid art­
eries under anaesthesia and the sections .from the medull­
ary regions were immediately fixed in 15% formal saline 
solution. They were later dehydrated, embedded and sec­
tioned at 6]i~8y and stained with eight different staining 
methods for the num ber .rffase&tioars in d ic a te d  in T a b le  2.
(iv) An attempt was also made to cut and stain sections of 
groups of single isolated cells, but the cells were dis­
torted beyond recognition during sectioning, and satis­
factory localisation of stain could not be achieved.
The depth of staining was examined by transmitted 
light microscopy; its intensity in the cytoplasm, the 
nucleus and the nucleolus were scored; 1 was lightly 
stained, 2 was clearly stained, and 3 was heavily stain­
ed. These scores indicated relative staining between 
different parts of the same neurons incubated with and 
without DNAse.
In two experiments, thin films of albumin were spread 
on a coverslip, dried, incubated with DNAse (lOmg/ml) plus 
'199* medium for 92 hours and then observed under phase- 
contrast microscopy. No visible clearing was detected, 
indicating that the DNAse had no proteolytic activity
46
on albumin. An attempt was also made to see if trypsin 
had any effect on the nuclear contents, but incubation 
of neurons at 37°C in '199‘ medium containing lOmg/ml 
of trypsin caused them to disintegrate.
Results
The unfixed and unstained medullary neurons were 
incubated with '199' medium, or *199* medium plus DNAse 
or RNAse (both lOmg/ml) (Figs. 4-6), and were examined 
and photographed under phase-contrast microscopy immed­
iately after 4, 20, 48, 68 and 92 hours after incubation.
It could be seen that the areas of cell bodies, the nuclei 
and nucleoli diminished rapidly during the first 20 hours 
and generally subsequently at a slower rate. After the 
first 20 hours of incubation mean diminution of areas 
of somata, nuclei and nucleoli, was between 7-18% in the 
case of M 9 9 1 medium alone, between 43-72% in *199* med­
ium plus DNAse, and 31-37% in the case of ,L99f plus RNAse 
(Figs. 7-9). The shrinkage in each stage was significantly 
different for each part of the neuron, (p = 0.001 or less). 
The most striking change observed after incubation with 
DNAse was the rapid clearing of the nuclei, but this was 
not seen in the case of RNAse or in cells incubated with 
*199' medium (Figs. 4-6). This indicated the presence of 
DNA in the nucleoplasm of isolated unfixed neurons.
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The isolated cells were incubated for four hours 
at 37°C in ‘199’ medium alone, and were then fixed and 
stained with toluidine blue-methyl green, chlorazol 
black, chromosome red, and rhodanile blue. The nucleoli 
stained more heavily than the nucleoplasm (Figs. 10, 12,
16 & 18) but equally heavily with Feulgen-light green,
aceto-orcein and pyronin-methyl green (Figs.. 14, 20 & 22) .
However, characteristically the nucleoplasm now took up 
more stain than the cytoplasm, whereas aceto-orcein and 
cresyl-violet stained the cytoplasm and nucleoplasm 
equally intensely (Figs:. 20 .& 24) . When the cells had
been incubated with 1199* medium plus DNAse lOmg/ml, and 
subsequently fixed and stained, the nucleoplasm stained 
less intensely than the cells which had not been treated 
with DNAse, and which also stained less intensely than 
the nucleoli. (Table 1, Figs. 11, 13, 15, 17, 19, 21, 23 
& 25) . The other effect noticed after cells were incu­
bated with DNAse was that the cell became less adherent 
to glass slides. This effect was most marked when cells 
were fixed and stained with toludine blue-methyl green and 
Feulgen-light green, when, despite frequent attempts with 
at least 40 cells each, only a few cells were available 
for examination.
When the brain sections were embedded and stained 
using the eight different standard staining methods, it 
was noticed that with six stains the nucleoplasm stained
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less than the cytoplasm or the nucleolus, ,(Figs* 26, 28, 
29, 30, 31 & 32) chlorazol black and cresyl violet
both stained the cytoplasm less intensely than the nucleo 
plasm, which was, however, still less than the nucleolus 
(Table 2, Figs. 27 & 33).
Discussion
The localisation of DNA or other substances by 
cytochemical methods is difficult because of unavoidable 
changes due to their diffusion or dissolution. The DNAse 
which is specific for DNA (Kunitz, 1950) has been used 
previously to locate DNA in salivary chromosomes of 
Drosophila (Mazia s: Jaeger, 1939). However, in the 
past, little attention has been given to the nucleoplasm 
of neurons which do not stain intensely with stains for 
DNA or chromatin (for reference, see those cited in Table
1, and Busch, Muramatsu, Adams, Steele, Liau & Smetana, 
1963). The findings that Feulgen stain is non-specific 
for staining nucleoplasm are consistent with that of 
Caspersson (1940), Semmens (1940), Stedman and Stedman 
(1943), and Carr (1945).
The finding that the nuclei of unfixed neurons clear 
ed after incubation with DNAse but not with RNAse and 
'199' medium (Figs. 4-6) indicated the presence of DNA 
in the nucleoplasm of unfixed isolated cells. When
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Fig.4.Rabbit v e s tib u la r neurons in  f199f m edium . The ba r is  20/jm.
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Fig. 5. Rabbit ves tib u la r neurons a fte r addition of DNAse ( lO m g /m l). The ba r is  20/an
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C E LL  BODY
100 (35) *■ '199' medium 
. . (35)(35)
(35) (35)
'199' +  RNAse 
( lO m g /m l)  
..(4 5 )
(45)
(45) (45) (45)i k.
60 ~
199' +  DNAse*
( lO m g /m l)
(33)
¥ ( 3 3 )
(33)
T im e  since incubation ( h r )
Number of ce ll bodies examined is  indicated in  b racke ts .
Fig. 7. Changes with time of the projected areas of the cell 
bodies of medullary neurons (©) in '193* medium alone, (A) '199'
+ RNAse, and (X) ’199' + DNAse. In this and Figs'* 8 and 9, the
area immediately on incubation is taken as 100% and the points 
are the m+s.d of the number of cells indicated in brackets.
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NUCLEUS
100 -a
80-1
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“1
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(35)
(45)
* (33)
10 — T 
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X  (33)
’199’ medium ■■
. . (35) (,(35)
<»
199' +  RNAse-
( lO m g /m l)
L(45) L(45)  ^
"199* +  DNAse 
( lO m g /m l)  
^ ( 3 3 )
*(14)
r i i
20 44 68
T im e  since incubation ( h r )
Number of nucle i examined is  indicated in  brackets.
(35)
(45)
* ( 3 3 )
92
Fig. 8. Changes with time of the nuclei of medullary 
neurons in (@) *199‘ medium alone, (A) ’1991 
+ RNAse and (X) 1199- + DNAse. Also see
legend to Fig.7 .
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Fig. 9. Changes with time of the projected area of the 
nucleoli of medullary neurons in (@) *199*
medium alone, (A)- '199* + RNAse and (X) *199*
+ DNAse. Please also see legend to Fig. 7.
Figs.10 &  11.
Isolated rabb it neurons from  the flo o r of the IV th  v e n tr ic le , 
fixed and stained w ith  toludine b lue-m ethy l green; above w ithout DNAse 
incubation; below 4 hours a fte r incubation w ith  DNAse. The ba r is 
lOjum in the fo llow ing 24 figu res.
F  i gs.l 2 &  13.
Isolated rabb it neurons from  the flo o r of the IV th  v e n tr ic le , 
fixed and stained w ith  ch lo razo l b lack; above w ithout DNAse incubation 
below 4 hours a fte r incubation w ith  DNAse.
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Figs.14 &  15.
Isolated rabb it neurons from  the flo o r of the IV th  v e n tr ic le , 
fixed and stained w ith  Feulgen - lig h t green; above w ithout DNAse 
incubation; below 4 hours a fte r incubation w ith  DNAse.
F i g s .  16 &  17.
Iso lated rabb it neurons fro m  the flo o r of the IV th  v e n tr ic le , 
fixed and stained w ith  chromosome red, above w ithout DNAse 
incubation, below 4 hours a fte r incubation w ith  DNAse.
Fi gs. 18 &  19.
Isolated rabb it neurons from  the flo o r of the IV th  ve n tr ic le , 
fixed and stained w ith  rhodanile blue, above w ithout DNAse incubation, 
below 4 hours a fte r incubation w ith  DNAse.
4F i g s .  2 0  & 2 I  •
Isolated rabb it neurons from  the flo o r of the IV th  v e n tr ic le , 
fixed and stained w ith  ace to -orce in , above w ithout DNAse incubation, 
below 4 hours a fte r incubation w ith  DNAse.
Figs.22 &  23
Iso lated rabb it neurons fro m  the flo o r o f the IVth vent r i c l e  
fixed and stained w ith  p y ron in -m e th y l green; above w ithout DNAse 
incubation; below 4 hours af ter  incubation w ith  DNAse.
F  i g s .  24  &  2 5 .
Isolated rabb it neurons from  the flo o r of the IV th  ve n tr ic le , 
fixed w ith  c resy l v io le t; above w ithout DNAse incubation, below 4 
hours a fte r incubation w ith  DNAse.
F i g s .  2 6  & 2 7 .
Rabbit neurons in sections of the IV th  ve n tric le  fixed in 
10% fo rm a lin , embedded and stained; above w ith  toludine blue - 
m ethyl green; below w ith  ch lorazo l b lack.
F i g s .  28  & 2 9  .
Rabbit neurons in sections of the IV th  ve n tric le  fixed in 10% 
fo rm a lin , embedded, and stained; above w ith  Feulgen - lig h t green; 
below w ith  chromosome red.
F i g s  . 30  & 3 1.
Rabbit neurons in sections of the IV th  ve n tric le  fixed in 10% 
fo rm a lin , embedded and stained, above w ith  rhodanile b lue, below 
aceto-orce in .
F i g s . 32 &  33.
Rabbit neurons in sections of the IV th  v e n tr ic le  fixed in 
10% fo rm a lin , embedded, and stained; above w ith  pyron in  - m ethyl 
green, below w ith  c re sy l v io le t.
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similar isolated neurons were fixed and stained with 
eight different staining methods (Table 1), the DNA 
again appeared to be localised in the nuclei, and the 
further evidence for DNA localisation was given by 
the finding that the staining of the nucleoplasm was 
less intense after incubation with DNAse (Figs.- 11/ 13,
15, 17, 19, 21, 23 & 25) . In the tissue sections of
the same region of the brain, the nucleoplasm was less 
intensely stained than.the cytoplasm with six of the 
eight stains for chromatin or DNA (Figs.. 26 :& 28-30) ,
but was stained more intensely with the chlorazol black 
and cresyl violet (Figs. 27 &. 33; Table 2) . Although
Nandy (1968) has reported presence of DNA and RNA in the 
nucleus and cytoplasm of neurons in tissue sections of 
the guinea-pig brain using methyl green-pyronin staining, 
it is not clearly-demonstrated in published photographs.
Since the hand isolated neurons for phase-contrast 
observation or for fixation and staining were not embedd­
ed or sectioned, but the neurons from medullary tissue 
were, the conclusion seems unavoidable that embedding or 
cutting the sections changed the apparent relocation of 
the DNA. Presumably this would occur by one of the follow 
ing means:
a) The different steps would permit the DNA to diffuse 
out of the nucleus and react with the nucleolar material 
and the cytoplasm.
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b) The dehydration carried out before the embedding 
used with all tissue sections might alter the stain­
ing properties of the DNA. Although this is conceiv­
able, it seems unlikely that the alcohol would inhibit 
all the classical reactions of DNA with these stains, 
especially as it did not apparently do so with the 
isolated cells.
c) The steps like the dehydration before embedding 
could extract the DNA from the nucleoplasm, in this 
case, the staining of the nucleoli and cytoplasm would 
be due to the presence of RNA in these structures. Of 
course this would assume that, in the isolated cells 
stained for DNA (Table 1), the initial dehydration used 
before final mounting would not have extracted the DNA, 
since, by some means, it had been stabilized or rendered 
indiffusible by the stains.
d) The nuclear DNA of neurons might have different stain­
ing properties for seven of the eight stains than the 
nucleoplasm of other tissues in section; this seems very 
unlikely, although natural DNA may be polymorphic in sol­
ution (Bram, 1971).
Although it is difficult to decide between these 
explanations in the absence of experimental data, the 
explanation (c) appears to be the most likely and favour­
able, as earlier suggested by Hyden (1953).
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The shrinkage in area of the cells incubated in 
the presence of DNAse or RNAse was most pronounced in 
the nucleoli with DNAse (Figs. 7-9). There is no ob­
vious explanation for this phenomenon. It was thought 
that if the cells became more spherical on incubation 
their area would appear smaller, but observations under 
Greenough binocular microscope indicated initially that 
they are already fairly near spherical; if the cell pro­
teins were to denature, some of them would become in­
soluble and the osmotic pressure might fall. The cells 
would then shrink.
The apparent difference of localisation of DNA be­
tween isolated cells and embedded tissue sections could 
not be explained by suggesting that the membranes of the 
isolated cells became more permeable to the stains, since 
the staining of sections was carried out after they had 
been cut to a thickness of 6ii-8y which would expose the 
cytoplasm and the nucleoplasm. The isolated whole neur­
ons were 30-50ji in thickness (Hillman, unpublished) .
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CHAPTER V
ATTEMPTED CULTURE OF ISOLATED ADULT NEURONS
Introduction
(i) Tissue culture.
From the earlier studies of tissue culture up to the 
present there has been a persistent search for methods and 
techniques that would permit the detailed study of Single 
cells’ separated from the rest of the tissue. A first 
step in this direction was taken by Roux (1883) when he 
successfully cultured a fragment of chick embryo neural 
plate in warm saline solution; but it was not until 1907 
when Harrison introduced a reliable and definite technique 
for culturing cells outside the body and also reported out­
growths of nerve fibres from a fragment of amphibian larva 
when incubated in the presence of clotted lymph. A few 
years later Harrison (1910) made detailed studies on out­
growths of nerve fibres from 'anouran-embryo* nerve cells 
and explained the formation of nerve fibres as self-diff­
erentiation.
This general technique was soon applied to the tiss­
ues of higher vertebrates. Harrison (1912) reported cul­
tivation of embroynic tissue of the chick and frog, in ex­
traneous media, ingebrigtsen (1913? 1916) demonstrated 
regeneration and degeneration of the axis cylinders of
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rabbit spinal ganglion neurons. Lewis and Lewis (1912) 
reported the growth of nerve fibres from the sympathetic 
ganglion of chick embryos, and later they demonstrated 
that the most mesodermal cells in the zone of the out­
growth of such cultures takes on a flattened fibroblastic 
form (Lewis & Lev/is, 1914). The growth of neurofibrils 
in living ganglion cells of chick embryo cultivated in 
vitro was reported by Weiss and Wang (1936). Speidel 
(1935) reported the outgrowth of peripheral nerves in tad­
pole larvae.
Ligneris (1928) reported studies on cell growth in 
serum cultures of young and adult rabbit tissue and their 
relation to growth processes in vivo. The migration and 
survival for longer periods in vitro of cat brain nerve 
cells and cerebral cortex cultivated in the cerebro-spinal 
fluid of embryos and young animals was reported by 
Martinovic (1930; 1934). Hamilton and Plotz (1942) 
used biotin for stimulating growth of nerve tissue and 
other cells in vitro.
Tissue culture of embryonic and new-born human brain 
explant has been the subject of a report by Hogue (1945). 
Later she reported the emigration of elements with con­
spicuous granules from brain tissue morphologically re­
sembling Purkinje cells (1947), and demonstrated the 
extraordinary viability of neurons (Hogue, 1950). The
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lively movements during formation of nerve processes from 
adult human peripheral nerve cells were reported by 
Murray and Stout (1947); the importance of rhythmic 
pulsatile activity of cultured cells, probably Oligo- 
denaroglia, from human brain explant was emphasized by 
Pomerat (1951; 1955). The slow rotation of the nucleus, 
pinocytosis, vascular ascent in the axon, and undulating 
movements of the cytoplasmic edges of the membranes on 
the neurites in new-born kittens was reported by Pomerat, 
Hild and Nakai (1957).. The nucleus was seen to change 
its shape, nuclear material passed through the nucleo­
plasm into the cytoplasm, and mitosis of cortical neur­
ons were reported to have occurred frequently enough in 
the cultures (Geiger, 1957).
(ii) Isolated neurons in cultures.
In recent years investigators have been studying 
the morphology and physiology of cultivated dissociated 
neurons from the central nervous system of chick embryos. 
The dissociated neurons from embryonic chick spinal cords 
were cultured in an appropriate balanced medium to main­
tain the growth and development of different cellular 
components (Cavanaugh, 1955). Nakai (1956) reported 
growth from dissociated chick embryo spinal ganglion 
neurons when cultivated in Maximow slides with avian 
nutrients. Their morphological and electrophysiological
75
characteristics were studied by Scott, Engelbert and 
Fisher (1969). The dissociated chick embryo neurons 
from the cerebral hemisphere were studied in a Rose cham­
ber by Varon and Rainbon (1969), neurons from the cere­
bral cortex were cultivated in the Maximow double cov- 
erslip assembly (Sensenbrenner & Mandel, 1971), and 
the same type of cells were cultivated in a Rose cham­
ber by Booher, Sensenbrenner, Hermetet & Mandel (1971). Sen­
senbrenner et al. (1971) reported the growth of dissoc­
iated neurons of chick embryo cerebral cortex on colla­
gen coated coverslips in the presence of different sub­
strates. Booher and Sensenbrenner (1972) cultivated 
dissociated cerebral hemisphere neurons and.ineuroglial 
cells from chick, rat and human embryos in a flask.
Okun (1972) demonstrated maturation and extension of 
electrically active processes in isolated dorsal root 
ganglion neurons of chick embryo in cultures.
The studies of nervous tissue in culture have been 
largely concerned with the outgrowth of neurites and -
the proliferation of macrophages. The mammalian neuron 
itself has less often been the object of study, chiefly 
because embryonic nerve cells show little migration from 
tissue explants to permit unhindered observation (Chu,
1954). Nevertheless, notable results have been obtained
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from the studies of Costero and Pomerat (1951) who, by 
embedding the human brain explant in heparinized cock­
erel plasma and embryo extract and later transferring to 
nutrient fluid (50% human ascitic fluid, 45% Gey's bal­
anced salt solution and embryo extract), reported to 
have seen mitotic division in tissue cultures of adult 
cells which they regarded as neurons. Whereas the cells 
from the trypsinized adult rabbit cerebral tissue devel­
oped into separate cell types (Varon, Raiborn, Seto & 
Pomerat, 1963).
Isolated adult mammalian neurons from brain or 
ganglia have never been reported to divide or grow dend­
rites or axons. Hillman (1966), Hillman and Sheikh (1968) 
and Hillman and Khalawan (1970) reported growth of fine 
processes from the isolated neurons of young rats and 
rabbits after incubation with 11991 culture medium, nerve 
growth factor, and antiserum. Shapiro (1973) reported 
cell division in foetal rat brain cells (as measured by 
protein accumulation) initiated by serum and cyclic AMP. 
The further investigation of the subject of initiation 
of mitosis has been stimulated by the finding that phyto­
hemagglutinin (PHA) induces mitosis in otherwise non­
dividing mature lympocytes (Airo & Ustaldi, 1967? Daniels, 
Ritzmann & Levin, 1968).
In view of the diversity of the culture media used
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in the above quoted experiments, attempts have been 
made to supplement these studies by using more complex 
and effective culture media, that is '199' culture 
medium, calf serum, and PHA.
2. Materials and methods
The medullary neurons of adult rabbits were made 
to adhere to coverslips, and later these were convert­
ed into plane parallel walled chambers (p. 18 ) con­
taining a drop of the following mixture;
6 ml 1199* medium TC20 (Wellcome Reagents Ltd.)'
1 ml calf serum (Wellcome Reagents Ltd.)
0.05 ml phytohemagglutinin MR10 (Wellcome Reagents Ltd.)
The cells were stored in the above mentioned mixture at 
37°C in an incubation chamber for four hours before the 
first observations using phase-contrast microscopy were 
made. The changes brought about with culture media 
were recorded using Pan F film. The PHA used was extrac­
ted from red kidney beans (Phaseolus vulgaris) by Li 
ana Osgood (1949).
3. Results
The r a b b i t s  m e d u lla ry  n e u ro n s  w ere  k e p t  i n  one o f
78
the different culture media for 4-6 hours at 37°C be­
fore the number of nucleoli were counted. Results of 
incubation in different media are given in Table 3.
The subsequent observations from 4-96 hours of cells 
with a mixture of '199' medium, calf serum and PHA 
did not show any apparent gross change in the number or 
size of nucleoli.
The medullary neurons of rabbit were also incu­
bated with different proportions of calf serum and *199* 
medium, and the results are given in Table 4. The re­
sult of incubation of the rabbit medullary neurons with 
'199' medium plus calf serum and different percentages 
of calf serum added to *199* medium reveals that the occ- 
urrance of two or more than two nucleoli increased sig­
nificantly p = 0 .001.
The recognition of the second nucleoli.after incu­
bation with culture media was made by observing the nuc­
leoli at different focal planes with phase-contrast mi­
croscopy. The general morphology of all the nucleoli 
was similar (Fig. 34), and the presence of two nucleoli 
at one plane was very rare.
Discussion
The calf serum containing protein (Lieberman &
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Ove, 1957; 1958) has strong stimulatory action on the 
growth of single mammalian cells (Fisher, Puck & Sato, 
1958). The fraction of macromolecular serum supplement 
revealed that at least two protein factors play an ac­
tive role in cell growth in vitro; serum albumen.func­
tions at least as a carrier for essential small sugar 
derivatives which cannot be synthesised by the mammalian 
cells (Lieberman & Ove, 1957) and are either liberated 
from or produced from protein in the course of its pro­
teolytic degradation (Eagle, 1960); and, “-globulin, 
v' is important in attachment of cells to glass sur*: 
faces and their assumption of an epithelioid form; it 
would seem likely that the factor plays an important 
role in the synthesis or maintenance of surface protein 
or is itself the surface protein (Lieberman & Ove, 1958).
One of the other main functions of serum is to act 
as a "buffer" to compensate for physical and chemical 
inadequacies in the nutrient media (Willmer, 1965, p. 126) 
which is *199' medium and that permits the continued 
growth of most mammalian cells (Morgan et al. 1950; 
Levintow & Eagle, 1961). The purified preparation of 
serum comprised mainly or entirely of Fetuin (a glyco­
protein) , and of hexose, hexosamine and sialic acid 
(Lieberman & Ove, 1957; Fisher et al. 1958).
PHA being a protein (Rigas & Osgood, 1955; Nowell,
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I960), initiates mitotic reproduction in white blood 
cells (Nowell, 1960; Bloom & Tsuchioka, 1967) and in the 
mature lymphocytes; these are considered to be "end- 
stage" cells and incapable of further division. Follow- 
ing incubation PHA increased the size of the nucleolus 
and reproduction was resumed in lymphocytes (Rebuck, 
Monto, Monaghan & Riddle, 1958; Daniels et al. 1968).
When the rabbit neurons were incubated with PHA, 
calf serum and '199* medium, although no mitotic divis­
ion of cell or nucleus was noticed, the number of nuc­
leoli increased significantly (Table 3). There is con­
siderable evidence that adult mammalian neurons do not 
multiply in vitro (Levi, 1941; Hogue, 1947) , and growth 
of only fine processes from isolated mammalian vestib­
ular, dorsal and sympathetic ganglion has been reported 
(Hillman, 1966; Hillman & Sheikh, 1968; Hillman & 
Khalawan, 1970). PHA activates mitotic activity in leu­
cocytes and lymphocytes by one or several of the follow­
ing mechanisms:
(i) an increase of synthesis of RNA (Cooper & Rubin, 
1965; Mueller & Le Mahieu, 1966);
(ii) an increase in both acetylation of histones (Pogo, 
Allfrey & Mirskv, 1966) and;
(iii) phosphorylation of histones and lipoproteins 
(Kleinsmith, Allfrey & Mirsky, 1966);
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(iv) activation of enzymes in glycolysis and oxidative 
phosphorylation (Parenti, Franceschini, Forti & 
Cepellini, 1966);
(v) increased metabolic activity of phosphoproteins 
during the period of intense gene activity (Kleinsmith 
et al., 1966)•
The addition of PHA to human lympocytes cultured 
in vitro bring cytochemical changes within a few hours 
(Quaglino, Hayhoe & Flemans, 1962).
85
CHAPTER VI 
FLUORESCENCE
Introduction
Fluorescence microscopy dates from about 1904 when 
Kdhler reported observing fluorescence of tissue under 
ultraviolet radiation (UV) in a microscope. Fluorescence 
techniques were not widely used until 1932 when Erfts re­
ported autofluorescence in formalin fixed enterochromaffin 
cells, and he ascribed the fluorescence to autofluorescent 
lipids and probably lipofuscins. Jacobson (1939) measured 
the fluorescence and absorption spectra of sections of 
human carcinoid tumour, and in his second paper (1946) , he 
concluded that the granules responsible for fluorescence 
contained a pteridine compound. Barter and Pearse (1953;
1955) reported the presence of fluorescence in freeze- 
dried and formaldehyde vapour treated rat duodenal entero- 
chromaffin cells. Whereas Christie (1955) criticised the 
use of formalin as it diminished and changed the initial 
bright yellow fluorescence of unfixed freeze dried guinea- 
pig duodenal enterochromaffin cells to orange. Bowman, 
Caufield and Uaenfriend (1955) concluded that the pre­
sence' of yellow colour fluorescence in unfixed entero­
chromaf fin cells was due to the presence of 5-hydroxy-
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-trptamine and other 5-hydroxyindole compounds. Later 
Falk. and Owman (1965) made fluorescence studies by in­
troducing freeze-drying and hot formaldehyde vapour 
treatment to formaldehyde induced fluorescence techniques 
of Falk/:, Hillarp,, Thieme and Torp (1962). A variation 
developed by Fuxe and Jonsson (1967) involved the treat­
ment of dried tissue blocks first treated with equil­
ibrated paraformaldehyde at high humidity. This proce­
dure improved the results, especially in nerve terminals 
containing 5-hydroxytryptamine. Bjdrklund and Falk '
(1968) developed a modified technique to reduce the hot 
wax treatment of tissue to a minimum, for better results.
Recently most of the Scandinavian' investigators have 
made histochemical fluorescence studies on freeze-dried 
rat nervous tissue. (Hamberger, Malmfors & Sachs, 1965), 
and air-dried stretch preparations were made for very 
thin tissues (Malmfors, 1965). After paraformaldehyde 
treatment was performed, most of the freeze-dried tissues 
were then embedded in araldite (Hdkfelt, 1965), in para­
ffin in vacuo, and sectioned and mounted for fluorescence 
studies (Dahlstrdm & Fuxe, 1965; Dahlstrdm, 1966). A 
modification introduced by Laties, Lund, and Jacobwitz
(1967) employed cryostat section of perfused fixed tissues, 
and a fresh slice technique was developed by Ehinger and 
Falk' (1969); both the investigators treated tissue sec-
-tions with paraformaldehyde for fluorescence studies.
The most typical lipofuscin pigment was described 
by Pearse (1S72), and he regarded them as a highly oxi­
dized lipid emitting a bright yellow-green to orange 
fluorescence. Stehler, Mark, MiIdvan and Gee (1959) 
made quantitative studies on lipofuscin fluorescent 
pigment granules and their accumulation in the human myo  
car.dium .whereas the presence of lipofuscin fluorescent 
pigment in neurons was first reported by Bourghardt 
and Hyden ( 1 9 6 3  )r probably in fixed and sectioned 
tissue. Later Reichel, Hollander, Clark and Strehler
(1968) demonstrated the presence of fluorescence due to 
lipofuscin pigment accumulation as a function of age in 
fixed, dehydrated and embedded tissue sections of rodent 
brain.
Fluorescence microscopic studies have gained in 
importance as a tool for biological research only in 
recent years, owing to its advantages (elaborated below) 
over other biochemical methods (Davies & Walker, 1953) 
(i) Fluorescence microscopic techniques are sensitive to 
minute amounts of fluorescent substances in tissue with­
out disrupting the cells and without danger of inter­
change between various compounds.
(ii) Measurements can be made on single cells and local­
isation can be more precise, whereas in the biochemical
approach, a large amount of tissue is required which 
may contain many different cell types.
Most of the recent fluorescence studies have been 
carried out on fixed, dehydrated tissue sections (Sulkin 
& Srivanij ,1960; Samorajski, Ordy & Keefe, 1965? 
DahlstrSm,1967; Reichel, Hollander, Clark & ~ Strehler,
1968? Wilcox, 1959). The present methods have advantages 
over the techniques used in above quoted experiments; 
that is, the isolated single cells can be used for ultra­
violet studies without fixation, dehydration, embedding 
and sectioning, and without incurring any loss in fluor­
escence intensity. In this way the whole neuron can be 
studied in the microscope and changes in appearance and 
content and distribution following different treatment 
can be observed.
Materials and methods
The Deiters1 neurons and neuroglial ’clumps1 from 
adult rabbits were isolated in NaCl solution (150 mM) 
with and without the slight staining with methylene blue 
usually employed, unstained cells were acquired by agitat 
ing the section of the medulla with a pair of stainless 
steel wires of 30y tip diameter. The neurons and neur­
oglial 'clumps1 isolated were made to adhere to coverslip
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which were later converted into plane parallel walled 
chambers containing '1991 medium or NaCl solution 
(p. 18 ). Later, more than 150 unfixed neurons and
over 50 neuroglial ‘clumps* were examined with mercury 
vapour illumination using Leitz UV filters BG12, BG38 
and UG1 with K150 as barrier filter giving an excita­
tion wavelength of approximately 3650 Angstroms (8 ) .
The fluorescence intensity of a random sample of 
unfixed cells, with and without light staining with 
methylene blue and stored in *199* medium or isotonic 
NaCl solution, respectively, was immediately measured; 
the intensity was calculated using the formula of 
Young (1961), as
intensity of object - intensity of background 
intensity of object
In a further set of adult Dutch rabbits reserpine 
(prepared by the method of Leyden, Pomerantz & Bouchard, 
1956? 5 mg/ml) was injected in a. dose of 10 mg/kg body 
weight intraperitoneally and the animals were left for 
7-8 hours (Dahlstrdm, 1967). The neurons and neuroglia 
were then isolated without methylene blue and examined 
in isotonic NaCl solution.
The wheat germ lipase (Sigma Ltd.) was dissolved in 
Kreb Ringer solution 10 mg/ml.
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3. Results
The methylene blue treated neurons and neuroglial 
•clumps', when incubated in *199' medium and on expos­
ure to ultra violet of 3650 2 wavelength, they fluoresced 
with an apple green colour immediately to their maximum 
value (Fig. 35), because of the photochemical action of 
methylene blue on amino acids; Tyrosine, tryptophan, 
histidine, methionine and cystine were highly reactive 
during photo-oxidation (Weil, Gordon & Buchert, 1951) . 
There were present several fluorochromes like tyrosin, 
tryptophan, and phenylalanine in’ *199' medium (Morgan 
_et_al., 1950). The image contrast values of neurons 
after 30-40 minutes continuous exposure and the immed­
iate value of neuroglial 'clumps' which did show an 
increase with length of time are given in Table 5.
The presence of little fluorescence in the nucleo­
plasm was noticed in the neurons treated with methylene 
blue, and incubated with '199* medium after six week 
storage at 37°C (Fig. 35).
Furthermore, there was a weak apple-green fluores­
cence in neurons and neuroglial 'clumps' isolated with­
out methylene blue and examined in NaCl solution (150 mM) 
on immediate exposure to UV light of 3650 2 wavelength. 
This developed to its maximum intensity after 30-45
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minutes continuous exposure to ultra violet light 
(Figs. 36 & 37). Its wavelength was examined using
either a Leitz or a Browning microspectroscope, and 
the apple-green emission had a peak wavelength of 5400- 
5700 2. The fluorescence of these neurons did not 
change in its intensity for a: further six weeks if the 
cells were kept in the medium at 4°C. The fluorescence 
was always present uniformly throughout the cytoplasm 
and usually in the nucleolus, but rarely in the nucleo­
plasm (F-ig. 36), and it did not diffuse out. In con­
trast to neurons the neuroglial 'clumps* fluoresced 
immediately to their maximum intensity with the same 
wavelength of excitation and emission. The image -con­
trast values of both neurons and neuroglial 'clumps' 
are given in Table 5. The neurons and neuroglia from 
reserpine treated rabbit, when compared to controls, 
showed the same intensity and wavelength of apple-green 
fluorescence (Fig. 38). When neurons and neuroglia were 
incubated in Kreb-Ringers solution with added lipase 
10 mg/ml at 37°C for four hours, the fluorescence took 
the same length of time and reached the same intensity 
as the neurons not treated with lipase (Fig. 39) .
The neurons when treated with chloroform : methanol 
(1:3) for two hours to extract the lipids (Folch, Less 
& Sloane Stanley, 1957) (Fig. 40); their fluorescence
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Fig.40 Isolated rabbit D e ite r 's  neurons,
a, c, 3 hrs. a fte r placing in saline
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The bar is 10pm.
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intensity was not diminished. The number of cells observed 
in above-mentioned condition are given in Table 6.
Discussion
The yellow-green fluorescence of both unfixed neurons 
and neuroglial ’clumps' was present without added fluoro- 
chromes, and it was concluded on the basis of its peak 
wavelength (5400-5700 2) that it arises from Lipofuscin 
(Pearse, 1972, p. 1177). Lipofuscin fluorescence has al­
ready been detected previously in sections of fixed para­
ffin-embedded nervous tissue (Wilcox, 1959; Sulkin and 
Srivariij, I960? Samorajshtet al., 1965? Reichel et al., 
1968). However, the presented results differed from 
those quoted in that:
(i) in the medullary neurons the whole of the cytoplasm 
fluoresced, compared with less than 18% in the latter.
(ii) The lipofuscin in these cells was not confined to 
granules (Chu, 1954? Roots & Johnston, 1964; Toth, 1968). 
(iii) The present neurons and neuroglial 1 clumps * were iso­
lated and unfixed.
(iv) The animals were generally younger.
(v) The preparations carried out in present experiments 
were much simpler than those in the experiments quoted.
(vi) The. fluorescence was present in aqueous media.
( v i i )  The mode o f  a c t io n  o f  r e s e rp in e  has been shown as
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being due to the depletion of catecolamine storage in 
granules (Dahlstrfim, 1.967). As the intensity and spec­
ific apple-green fluorescence did not incur any loss 
in our experiments, this further confirms that the pre­
sence of fluorescence is due to Lipofuscins.
The present findings share common points with 
Dahlstrdm and Fuxe ( 1 9 6 5 ), that is the excitation wave­
length, the colour of fluorescence and the time taken by 
neurons to develop to their full fluorescence intensity; 
but the final results vary to a greater extent; as con­
cluded previously the sharp peak at wavelength 5 4 0 0 - 5 7 0 0  2 
is due to lipofuscin (Bourghardt & Hyden, 1 9 6 3 ) ,  
whereas Dahlstrfim and Fuxe's (1965) fluorescence is due 
to catecholamines. Figures for the peak wavelength of 
catecholamine emission are unpublished (Caspersson, 
Hillarp & Ritzen, 1 9 6 4 ) .
The unchanged fluorescence intensity after treatment 
with lipase and chloroform plus methanol have further con' 
firmed the stability of lipofuscin against enzymes and 
organic solvents (Hyden, 1 9 6 3 ,  p. 3 0 0 ) .
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CHAPTER VII 
NUCLEOLAR MEMBRANE
1. Introduction
About two hundred years ago in. 1774 the nucleolus was 
first recognized by Fontana in epidermal cells of eels,and 
rediscovered by Wagner (1835) in the occytes of various 
animals. Many investigators, particularly in the nine­
teenth century, notably Barry (1838; 1839) have described 
the nucleolus while observing egg cells. In 1860,
Mauthner reported the presence of a 'nucleolus1 in nerve 
cells. In the middle. < of the twentieth century came the 
breakthrough with the demonstration of nucleolar organiz­
ers, secondary chromosomal constrictions, and "nucleolar 
mutants" (Heitz, 1933; McClintock, 1934; 19'61 ) . The nuc­
leolus has been an object of interest to workers in on­
cology for a number of years, particularly since MacCarty 
and Haumeder (1934) and MacCarty (1936; 1937) who made ob­
servations on cancer cells. Caspersson and Santesson 
(1942-1943) reported enlargement of the nucleolus in can­
cer cells. In 1938, Page, Regan and MacCarty reported an 
increase in the intra-nucleolar bodies in tumour cells.
An indication that the nucleolus might contain a filamen­
tous component was first given by Hertwig (1929), and
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this possibility appeared to be confirmed by Estable 
and Sotelo (1951; 1955) in various animal and plant 
nucleoli. Making use of silver impregenation they 
named this component the 'nucleolonema1 and the en­
veloping material the 'pars-amorpha*. The nucleoli 
in nerve cells can be observed first during differen­
tiation of neuroblasts into neurocytes before the Nissl- 
bodies can be detected in the cytoplasm of these cells 
(La Velle, 1951; Preto-Parvis, 1952). According to 
Hyden (1947) nucleoli cannot be seen in young embryonic 
neurocytes. Their origin from chromatin structures and 
positive feulgen reaction is noted in early stages of 
their development (Preto-Parvis, 1954). The presence of 
nucleoli have been reported in all the mature nerve cells 
except the smallest nerve cells of the human, cerebellar 
and cerebral cortex (Reiser, 1959). The nucleoli in 
nerve cells are very prominent regardless of the proce­
dures used for their visualization (Busch & 7 Smetana/ 1970, 
p. 416) . in 1 supravital" preparations as well as in fixed 
and stained specimens nucleoli in nerve cells appear to 
be relatively large bodies usually with smooth surfaces 
(Reiser, 1959).
The general uncertainties that emerged about stain­
ing during the late nineteenth century raised the question 
of whether the nucleoli were real or artificial structures;
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the studies of Renyi (1931), Chinn (1938) using con­
ventional darkfield , ultraviolet and polarizing light 
microscopy and the development of phase microscopy by 
Earnike (1932) established their existence in living 
cells. On close observation with phase-contrast micros­
copy it is possible to observe some aspects of its struc­
ture including stippled elements called "nucleolini"
(Love, 1966) and vacuoles (Busch et al. 1963). Hoskins 
and Montgomery (1962), Kopac and Mateyko (1958) making 
use of phase-contrast microscopy carried out mirodissec- 
tion of the nuclei to obtain a nucleolar product and, in 
addition, reimplanted the nucleoli into other cells. The 
intranucleolar body in monkey nerve cells were described 
in light and electron microscopic studies by Dutta, 
Siegesmund and Fox (1963). Many observations have been 
made on the structure of the nucleoli of fixed animal 
cells with light microscopy (Vincent, 1955), by electron 
microscopy (Palay & . Palade, 1955; Busch & Smetana, 
1970), and in subcellular fractionation (Busch et al. 
1963; Siebert, Villalobos, RO, Steele, Lindenmayer,
Adams & Busch, 1966).
Relatively few studies have been made on the struc­
ture of ., unfixed and unstained cells (Barer & Dick, 
1957; Hyden, 1963). The more highly refractile strands 
of material within the nucleolus were originally termed
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the 1nucleolonema' by Estable and Sotelo (1951), and 
several authors have inferred secretory activity from 
observations on fixed tissue (H&pker, 1953? Altmann & 
Grundmann, 1955; Hertl, 1957). During the course of 
light microscopy of unfixed rabbit Deiters1 neurons it 
was noticed that the nucleolar structure was changing 
(Sartory et al. 1971).
During later examination of the autofluorescence 
of isolated neurons, It was found necessary to separate 
them in NaCl solution instead of sucrose solution into 
which such cells have been previously dissected (Hyden, 
1959; 1961; Hillman, 1966; Hillman & Sheikh, 1968; Hill­
man & Khalawan, 1970). The nuclei appeared more trans­
lucent when isolated in NaCl solution than in sucrose 
solution, and the ‘nucleolonema1 showed greater contrast
2. Materials and methods
The medullary neurons, anterior horn cells, dorsal 
ganglia and sympathetic ganglia of adult rabbits, guinea 
pigs, rats and frogs were dissected out by hand by the 
method of Hyden (1959) (p.'17 ) except that, in the pres­
ent experiments they were isolated in a NaCl solution in 
stead of sucrose solution as previously used (p.44 & 77
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Later the mammalian cells were enclosed in sealed para­
llel walled chambers (p. 18 ) containing NaCl solution, 
and between examinations were stored at 4°C. When these 
cells were to be kept for longer periods, they were 
placed in sterile *199' medium and incubated at 37°C, 
whereas frog neurons were isolated and studied in frog- 
Ringer and stored at room temperature between examina­
tions. The number and origins of the cells are given in 
Table 7.
During the examination of isolated nerve cells in 
the NaCl solution, the resolution of details in the nuc­
leus and nucleolus was much improved; some of the cells 
were cut open to observe the isolated nucleus? as this 
would improve the optical conditions. So the large med­
ullary neurons of rabbit were selected in order to see 
the most details. For this purpose neurons were isolat­
ed in saline and could then be opened in the droplet of 
sucrose solution because they adhere to glass well, and 
the interface between nucleolus and nucleoplasm could 
still be seen under these conditions. The cell membrane 
was cut open with a microknife made from stainless steel 
wire.
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3. Results
The nuclei of the four different kinds of neurons 
in four different animals always appeared more trans­
lucent when mammalian cells were isolated in NaCl sol­
ution instead of in sucrose solution, and when the frog 
neurons were isolated in frog-Ringer the nucleolonema 
displayed greater contrast (Fig. 41, a & b). A clear 
interface between the nucleoplasm and pars-amorpha of the 
nucleolus which appeared to be complete at all magnifica­
tions, was first observed by phase-contrast microscopy; 
and by altering the focussing planes above and below 
the interface, it Was found to be approximately spherical 
in appearance. Although this interface is illustrated in 
four different kinds of neurons in four different animals 
(Figs. 43-58) it seems to be a constant feature of all 
the nerve cells from the 'fourth*ventricle, spinal cord/ 
and ganglia of the four species. Further, in order to 
illustrate the properties of the said interface, the same 
unfixed medullary neuron was examined and photographed un­
der different kinds of microscopy using Leitz Ortholux 
microscope (Fig. 42).
The neuron under transmitted light microscopy, had 
a membrane around it. The presence of synapses on the 
cell soma gave the cytoplasm a granular appearance. The
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nuclear membrane was distinct, the nucleolus having a 
uniform interface and was surrounded by a clear nucleo­
plasm w7hich contained refractile bodies (the nucleolon­
ema) embedded in clear pars-amorpha.
In the same neuron, when observed under phase-con­
trast microscopy, the halo-effect around cell body and 
nucleus was very prominent, and, due to this, the cell 
and nucleus appeared somewhat smaller than their actual 
size and the cell wall was not quite distinct. The cy­
toplasm and nucleolus having a lower refractive index 
than the nucleolus were presenting a high contrast. The 
synaptic knobs present on the cell body were very conspic­
uous, the nucleus was surrounded by a nuclear membrance, 
inside the clear nucleoplasm was present the nucleolus 
with uniform circular interface, and the highly retrac­
tile bodies, the nucleolonema, was surrounded by clear, 
par s-amorpha.
When the same nerve cell was studied under dark 
ground illumination, cytoplasmic granules presented high 
contrast due to reflection of light from them. The whole 
cell was glowing, except the nucleus and the nucleolus.
The nucleoplasm clearly showed lack of granular bodies, 
whereas the interface between nucleoplasm and pars-amor­
pha reflected light; the nucleolonema also reflected
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light.
In the freshly isolated neuron preparations under 
interference phase-contrast microscopy (Fig. 42), the 
whole cytoplasm appeared homogenous and the crescentric 
spaces and massive irregular globules were not so sharp­
ly demarcated; this can be seen under interference mi­
croscopy. The interface between nucleolus and nucleo­
plasm found in the present experiments was uniform and 
complete, and the nuclear membrane could also be seen. 
Ultraviolet microscopy revealed the presence of fluor­
escence in the cytoplasm and nucleolus, but the nucleo­
lar fluorescence was much greater than that of the nu­
cleoplasm. The cell membrane, nuclear membrane and 
nucleolar interface of unfixed cells under polarized 
microscopy did not show any birefringence when studied 
under polarized microscopy.
4. Discussion
In the present study the interface was a constant 
feature of nucleoli of nerve cells examined by all tech­
niques of light microscopy. It was continuous and approx­
imately spherical, and showed a relatively high degree of 
reflectance by dark ground and vertical illumination.
The histochemistry of the nucleolus is quite different
Rabbit m edu llary neurons:
F ig .41,a Rabbit m edullary neurons in ’199’ medium under phase contrast 
m icroscopy;
a, c, isolated in 250mM sucrose solution;
b, d, in 150mM NaCl solution. The bar is 10pm.
F ig . 41, b Rabbit m edu lla ry  neurons in ’ 199’ medium under phase 
con tras t m icroscopy;
a. c, iso la ted in 250mM sucrose so lu tion ,
b, d, in  150mM NaCl so lu tion . The ba r is 10/im.
Transm itted  ligh t
Phase contrast
Dark ground
Interference phase contrast 
Fig.4 2 Rabbit vestibu lar neurons in ’199’ medium. The bar is 20pm.
N ucleo la r m em brane - ra bb it
Neuron from  the lV th  ven tric le
A n te r io r horn ce ll
F i g s .43 &  44
Neurons have been isolated in saline, and placed in '1991 m edium, 
and the bar is 10pm in the fo llow ing 16 photographs.
N uc leo la r m em brane - ra b b it
D orsa l ganglion ce ll
Sympathetic ganglion ce ll
Fi gs.45 & 46
N u c leo la r m em brane - guinea p ig
Neuron from  the lV th  ve n tric le
A n te rio r horn ce ll
Figs.47 & 48
N ucleo la r m em brane - guinea p ig
D orsa l ganglion ce ll
Sympathetic ganglion c e ll
Figs.49 & 50
fm
it
t
N ucleo la r m em brane - ra t
Neuron from  the lV th  ve n tric le
A n te r io r horn ce ll
F i gs.5 1 &  52
N uc leo la r m em brane - ra t
D orsa l ganglion ce ll
Sym pathetic ganglion c e ll
Figs.53 & 54
N uc leo la r m em brane - fro g
Neuron fro m  the lV th  ven tric le
A n te r io r horn ce ll
Figs.55 &  56
Frog neurons have been isolated and placed in fro g -r in g e r solution.
N uc leo la r m em brane - frog
D orsa l ganglion ce ll
Sym pathetic ganglion c e ll
Figs. 57 & 58
F ig . 59 N ucle i separated by d issection  fro m  rabb it m edu lla ry  neurons, 
the nuc leo la r m embrane can be seen c le a r ly . The bar is 10pm.
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than that of the nucleoplasm with most stains (Busch & 
Smetana, 1970, p. 417). The better differentiation of 
nucleolonema from the pars-amorpha was achieved by sep­
arating cells in saline and later cutting them open 
(Fig. 59) which permitted observation of a clear space 
between the nucleolonema and the nucleolar interface. 
These five criteria shared by the nuclear membrane led 
to the conclusion that this interface surrounding the 
nucleolus must be a membrane, to which has been given 
the name nucleolar membrane. The reason for which this 
membrane has not been previously reported could have 
been that the definition of the nuclear structure was 
poorer when the cells were isolated in sucrose solution 
than it was in saline (Fig. 41, a s b) . The granular 
appearance in sucrose was probably due to precipitation 
of the nucleolar contents by sucrose.
The present membrane is different from that of 
perinucleolar-nucleolus-associated chromatin (Hertl, 
1957), which was a complete or incomplete ring around 
nucleoli of ganglion cells (Hamberger S Hyden, 1945); 
whereas the reported membrane was present uniformly ar­
ound nucleolus and was a complete interface between nu­
cleolar contents and nucleoplasm and was present in four 
different types of neurons in four different animals.
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The ring-shaped nucleoli which have also been re­
ported in blood cells, spermatocytes (Brinkley, 1969), 
and oocytes seemed to be related to cell maturation and 
differentiation. Ring-shaped nucleoli were noted in 
Hela cells after treatment with such pharmacological 
agents as actinomycin rD ! and chromomycin 'A* or ’B* 
(Journey & Goldstein, 1961; Potmesil & Smetana, 1968) 
or by starvation (Wessing, 1965). All these experiments 
seem to indicate that ring-shaped nucleoli described in 
some mammalian cells can reflect the reversible inhib­
ition of the formation of new structures containing 
RNA (Potmesil & Smetana, 1968; 1969); whereas the re­
ported neucleolar membrane is not the result of any 
treatment, inhibition or starvation and can be seen in 
the presence of different nutrient media.
Previously Austin and Braden (1953) have noticed 
the appearance of a ring around egg cells nucleoli but 
do not regard this as a membrane. The nucleolar mem­
brane has never been reported before in the neurons in 
the present study, and its presence was noticed by 
chance.
125
CHAPTER VIII.
GENERAL DISCUSSION 
Changes in Cells After Preparation
It has been shown (Fig. 2) that when isolated unfixed 
mammalian neurons were treated with different chemical re­
agents used in histological techniques the cellular compounds 
precipitated and the areas of the cell body, the nucleus and 
the nucleolus shrunk to 21%, 11% and 6.5% respectively of 
what they were when they were unfixed (Fig. 3); and the least 
detail can be seen as compared to unfixed cells.
Critique of Use of the Fixed, Dehydrated, Stained and Mount­
ed Tissue
The tissue undergoes the following treatments.before it 
is finally observed in form of tissue sections:
(i) Fixation
The fixation precipitates the cytoplasm and denatures 
the protein of the cells (Putnam, 1960, p. 61; Baker, 1966, 
p. 33) and the result is that it produces a coarse grannular 
coagulum of the proteins of the cytoplasm and nucleus, which 
obscures the fine detail of the cellular structure (Bloom & 
Fawcett, 1969, p. 8). The fixed and mounted sections during 
treatment with different chemicals can easily be either de-
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-prived of their original constituents or inter-changed be­
tween various cellular compounds, so the final appearance of 
the cell probably is far from the real dynamic picture of 
the living cell (Pantin, 1968), whereas the study of the 
unfixed cells allows direct observations, and conditions are 
similar to those in vivo.
(ii) Dehydration
The fixed tissues are dehydrated before embedding and 
sectioning, and dehydration is carried out by using a succ­
ession of solutions of increasing alcohol concentrations.
In the process, the tissue is dipped or rinsed in relatively 
large volumes of these solutions, often for hours. So it is 
possible that most of the water and alcohol soluble constit­
uents are washed out leaving a section with insoluble mat­
erials (Hillman, 1972, p. 45). During these■aqueous steps 
of dehydration, unknown proportions of water soluble proteins, 
hormones, amino-acids, fatty acids, carboxylic acids and vit- 
amines are lost. The implications of these facts are that 
whatever method is used it gives us information mainly about 
water and alcohol insoluble parts of the cell (Hillman, 1972, 
p. 45).
For electronmicroscopy tissue is dehydrated by the app­
lication of solvents which are used for lipid extraction, in 
the belief that fixation of the tissue must protect most of 
the lipid contents from these organic solvents. This may be
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due to the formation of organo-metal complexes which are not 
so soluble in organic solvents; or it may be due to incom­
plete extraction of lipids by the solvents. During dehy­
dration all the insoluble cytoplasmic constituents, which 
have not diffused away, will precipitate out and any con- 
stitiuents within the cytoplasm indeed which are insoluble
.'will remain. In the process the water which makes 60 to 70% 
of the cell volume will be first replaced with alcohol then 
with xylol and finally in DPX. In electron microscopy prop­
ylene oxide replaces alcohol and then araldite. If during 
dehydration all the free water of biological tissue is re­
placed with alcohol, then the shrinkage in cell or tissue 
volume during replacement with alcohol (Fig. 2, k & 1) is 
unexplainable, the only possibility is that the shrinkage 
in cell volume could be due to less affinity of different 
cellular components toward alcohols than toward water.
(iii) Embedding and sectioning
The embedding of the dehydrated tissue is carried out 
usually in paraffin or in polyethylene glycols (carbowaxes). 
This is necessary in order that sections may be cut. The 
tissue is then sectioned, and this generates heat and there 
will be a local rise in temperature, but it will be d i f f i ­
cult to measure as it was localised and transient. We can­
not even have an idea of its real effect on the preparation. 
Distortions of the shapes of sections especially membrane,
128
"lack of continuity" between adjacent serial sections due to 
change in size of structure through the thickness of one sec­
tion and the consideration of only the largest profile shown 
in the micrograph has been studied in electron microscopy 
(Peachey, 1958).
(iv) Floating and mounting
Mounting the sections consists of floating them onto a 
slide. This sometimes involves melting paraffin to 48°C and 
the same considerations apply to melting it at this stage as 
do during the embedding.
(v) Deparaffinisation
The deparaffinisation of histological sections is usu­
ally carried out using xylene or petroleum ether, and both 
of these chemicals are usually used as lipid extracting ag­
ents. These would certainly be expected to alter the per­
meability of any biological membranes. In doing so, they 
might well render them permeable to enzymes, substrates and 
co-factors, to which these membranes had previously been im­
permeable. Following treatment with the organic solvents 
which would extract lipids, the tissue is usually washed 
with alcohol and electrolytes or distilled water.
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(vi) Staining
Staining of embedded tissue is usually carried out 
after fixation, and fixation without buffered fixative ren­
ders the tissue more basic or more acidic than it was in 
the unfixed state, and, as a result, the affinity of the 
protein for basic and acidic dyes is changed (Baker, 1966, 
p. 33) . The diffusion of dyes subjects the tissue to many 
types of forces acting either separately or simultaneously 
(McKay, 1968). The nucleoprotein remains strongly stain- 
able by basic dyes, but is not stabilized and may eventually 
be dissolved during the later stages of dehydration and 
mounting (Baker, 1966, p..33).
(vii) Clearing
The clearing of the section is usually done with xyl­
ene or clove oil and other organic solvents. Although these 
reagents are used to make the sections more transparent, the 
question is how far they will effect the cellular compounds, 
as all of them except clove oil are powerful lipid extrants?
(viii) Mounting.
Finally the stained, dehydrated and cleared’ sections 
are mounted in Canada balsam, DPX, and araldite and are dis­
solved in solvents which are highly volatile, and which may 
dissolve or alter the cellular compounds. Brattgard and
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Kyden (1952) found that much more serious errors than that 
which resulted from shrinkage was introduced by histochem- 
ical procedure. X-ray microradiography has shown that the 
nerve cell cytoplasm loses around 50% of its organic mater­
ial during this procedure (fixation by Carney1s solution, 
embedding in paraffin, and removal from the section by ben­
zene) . The nerve cell nucleus loses 80% or more of its 
material, probably owing to differences in solubility (Hy- 
den, 1953). The treatment of cells in tissue sections 
with differentchemical reagents transforms the ground cy­
toplasm into a coagulum consisting of a sponge-work of pro­
tein strands, and no part of the original substance of the 
cell is left in the meshes of the network, which is filled 
only with the mounting medium (Fig. 2, o & p) (Baker, 1966, 
p. 25) .
1. Disadvantages of use of isolated cells
Most of the previous investigators mentioned in the 
literature cited made their histochemical and cytochemical 
studies on sections of tissues. The individual or isolat­
ed cells used in the present studies can only be observed 
after the following measures:
(i) Killing the animal
Killing is usually carried out by cutting the carotid
131
arteries. What are the particular changes occuring during 
the killing of the animal or its dying? There is, of
course, no general answer to this question. A very funda-
/
mental difficulty in studying tissues taken from dead ani­
mals is that the probable immediate cause of death is hy­
poxia, which causes irreversible changes extremely rapidly. 
Minute vacuoles have been detected by electronmicroscopic 
examination of the brain within a few minutes of hypoxia 
(Brown & Brierley, 1968).
(ii) Cutting brain sections
After removing the brain from a dead animal it is cut 
into sections using a sharp scalpel, and during this process 
the temperature of the brain tissue further falls from 37°C 
to the ambient temperature. The sharp edge of the scalpel 
also injures the neurons by severing their dendrites and 
axons; and, in result, they undergo a prolonged series of 
histological changes known collectively as chromatolysis 
(Hyden, 1963, p. 239).
(iii) The procedure of isolation of the cells .
Immediately after cutting, the brain sections are stor­
ed in sucrose or NaCl solution or *199' medium, which vary 
considerably from the body fluids. Although the presented 
method of cell separation, that is the breaking of dendrites,
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is shared by bulk methods like mechanical isolation under 
pressure (Roots & Johnston, 1964) and gradient centrifuga­
tion procedures (Hamberger, Blomstrand & Lehninger, 1970) 
which have varied effects on the anatomy of isolated neurons; 
that is, the granularity of the cytoplasm in their cells was 
much greater than in cells isolated here by hand (compare 
Fig. 2 to Roots and Johnston (1964). In the present method 
of isolation, the only mechanical damage applying to the 
cell is that of breaking of dendrites and axons. The physio­
logical reactions of chromatolysed neurons has revealed de­
layed polysynaptic responses (Eccles, I960, p. 211). So 
after such a treatment of the tissue one should expect some 
changes in the chemistry and the general appearance of the 
cell in particular and tissue as a whole. The cells are not 
homogenised, and they still metabolise and have resting por 
tentials (p. 7 ). It is likely that some water-soluble
materials are lost from the cell bodies.
In the presented studies of isolated neurons no growth 
has been seen, but various investigators have achieved the 
growth of fine processes in mammalian neurons (Hillman & 
Sheikh, 1968; Hillman & Khalawan, 1970) and in chick embryos 
(Nakai, 1956; Scott et al. 1969). The above-mentioned 
authors have reported growth in young cells but not in adult 
cells, whereas neuronal growth has been seen in tissue cul­
tures (Hogue, 1950; Costero & Pomerat, 1951).
133
2. Disadvantages of use of unfixed cells
(i) Observation of cellular structure in living cells.
Bloom and Fawcett (1969, p. 8) using phase-contrast 
microscopy reported seeing mitochondria and spherical lipid 
droplets in living fibroblasts in cell cultures. Holtzman, 
Teichberg, Abrahams, Citkowitz, Crain, Kawai and Peterson 
(1973) in their phase-contrast microscopy studies on cul­
tured chick embryo sympathetic ganglion neurons found the 
presence of probable lysosomes in a translucent cytoplasm.
The microscopical observations of unfixed neurons under pre­
sent study (Fig. 2, a & b), when compared to above-mentioned 
observations,.revealed that the cytoplasm was too granular 
to see any fine structure. So the present unfixed cells 
seem to be in a state between the living and the fixed con­
ditions. In neurons isolated in 0.9% NaCl solution as com­
pared to other isolating media the nucleolonema and the nu­
cleolar membrane presented high contrast (Fig. 2, a & b;
41 a & b), and these details were lost during preparation 
for histology (Fig. 2, a-p).
(ii) Localisation of nucleic acids
The nucleoplasm of neurons in tissue sections has long 
been the centre of concentration, as it does not stain for 
DMA with specific chromatin stains (Hyden, 1963, p. 235), and
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it is established that DNA is in the nucleus (Walker & 
Yates, 1952). The explanation offered was the loss of 
organic materials during cytological techniques. So the 
use of unfixed cells resolved the problem of localisation 
of nucleic acids in nuclei of neurons (Fig. 5). This in­
dicates another advantage of the use of unfixed neurons. 
These cells keep their structural integrity and the local­
isation is more precise than that in tissue sections.
(iii) Incubation in culture media
Hyden (1953) found that nucleoli can first be seen in 
early embryonic neurocytes. Their number vary particularly 
with age, and decrease with maturation, and usually one nu­
cleolus is present Reiser, 1959). So in the presented fin­
ding the increase in number of nucleoli is considered as a 
first step toward initiation of mitosis, and also gives 
evidence that the cells are not dead and that they necess­
arily preserve their structure and the functions arising 
from it.
The present method of cell culture was adopted as the 
neurons in tissue cultures become rather difficult to dis­
tinguish (Varon et al.,.1963), and in the present method 
cells can be directly observed without disturbing them.
The higher incidence of two or more nucleoli in neurons of 
adult animals (incubated only in '199* medium) is highly 
surprising.
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(iv) Auto-fluorescence in unfixed neurons
The present findings of the presence of auto-fluores­
cence (Fig. 36) without added fluorochromes was concluded 
as being due to 1lipofuscins'. Although previous authors 
have found fluorescence in granules (Reichel et al. 1968), 
in the present work the whole neuron fluoresced homogenously. 
The term lipofuscin is acceptable temporarily until this 
substance has been characterised chemically. It is possible 
that the fluorescence reported is not due to lipofuscin, for 
the reasons mentioned below:
(a) It is generally believed that lipofuscin granules appear 
with senility (Sulkin & Srivanij,1960); whereas some of the 
animals used in present studies were young. The fluorescen­
ce was seen in cells of animals of all ages;
(b) the fluorescence did not disappear after treatment of 
cells with lipase and chloroform which would extract lipids 
(Figs. 39 & 40).
(v) Nucleolar membrane
Most of the previous investigators who observed iso­
lated unfixed cells under light microscopy isolated them 
using sucrose solution. Recently Sartory et aj.. (1971) -
reported changes in nucleoli and described their micro­
structure, but could not detect the reported nucleolar mem- 
brance; most probably sucrose precipitated this nucleolar
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interface. As the present nucleolar membrane was detected 
when neurons were isolated in NaCl solution, it is sugges­
ted that isolated cells from other body tissues should be
examined in simple medium like 0.9% saline to see if a nu­
cleolar membrane is present.
It has probably not been detected by classical histol- 
ogy previously because histologists usually made their stu­
dies on tissue sections, and the changes brought about by 
the different chemical reagents could be responsible for 
its precipitation as shown in Fig. 2.
3. Use of mammalian cells ’
Mammalian neurons were selected for the above-mentioned 
type of studies, as they were similar to human neurons, the 
animals were easy to obtain, their large volume made it 
fairly easy to isolate them, and further micromanipulation 
was easy under microscopical observation. Damage to mamm­
alian motor-neurons causes muscular weakness as described 
below:
(i) The injuries of upper motor neurons in the cerebral 
cortex usually produce a monoplegia, that is, paralysis of 
the face or of one limb only.
(ii) Whereas in upper motor neuron injuries in the spinal 
cord at any segmental level, if above the cervical enlarge-
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-ment, both upper and lower limbs will be affected, if be­
low, the weakness will be confined to lower limb (Brain,
1964, p. 71.) .
4. Use of neurons
The neurons were selected for further studies because 
of their central position among the other cells of the body, 
and because they can be isolated with ease in intact shape, 
as they are surrounded by fairly soft neuroglial cells.
Among the nerve cells, neurons from the vestibular nucleus 
are giant among neurons (Hyden, 1961), and are best suited 
for the above-mentioned type of studies. Previpus investi­
gators had the view that among the cells the neurons are 
very difficult to study (Hyden, 1963, p. 216), probably due 
to cytochemical procedures like fixation, dehydration, em­
bedding, sectioning, staining and mounting.
With the use of the parallel walled chamber described 
by Sartory et. al. (1971), one can observe microscopically 
the cells while treating with chemical reagents, can make 
precise localisation studies of defined substances without 
the danger of interchange of cellular compounds, can observe 
the cells growing without disturbing them, and fine details 
of cells can be examined with phase-contrast microscopy up 
to 1000 magnifications. The survival of cells in a dynamic 
equilibrium with the use of '199' medium for a few hours 
permits many measurements to be made, like resting potentials
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(Hillman & Hyden, 1965 b) and respiration (Epstein &
O'Connor, 1965; Hertz, 1966). Studies of unfixed cells 
also reveal new details of morphology which cannot be de­
monstrated by usual staining methods.
It is suggested that, for f u r t h e r .  cytological stu­
dies, these isolated nerve cells may furnish suitable mat­
erial for the study of the physical properties and the 
chemical composition of neurons, their membranes the re­
actions of the nucleoplasm to various chemical and biolog­
ical agents, and possibly the metabolism of the isolated 
neuron.
Comparison of light-microscopic Observation to Electron- 
microscopic Studies
Under various kinds of light microscopy it is possible 
to study both unfixed and fixed tissues (Fig. 2) . The iso­
lated unfixed cell receives the minimum treatment as com­
pared to preparations carried out on various tissues for 
light and electron-microscopic studies. In ordinary his­
tological studies under light microscopy the tissue is stain­
ed and dehydrated and mounted in order to see the structures 
diferentially stained by different dyes. In electron-micro­
scopic studies, in contrast to histological procedures used 
in light microscopy, the. tissue sections before exposing to 
the electron beam must be stained with heavy metals, par­
ticularly with osmium salts, which are electron dense, and 
in result electron-microscopy provides more detail about
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the fine structure of the cell, like the presence of three 
dimensional structures , the endoplasmic reticulum,
mitochondria, nuclear pores, synapses and double layered 
membranes, because of its higher resolution (52), whereas 
under light microscopic studies double layered membranes 
can only be seen as single layered structures.
The disadvantage of histological electro-micrographic 
study is that there is no direct method for measuring sizes 
of different cellular components (Hillman, 1972, p. 58) .
The above-mentioned organells are not seen in neurons under 
present study and probably are due to the low resolution 
of light microscopy.
Summary of the Morphology of the Rabbit Medullary Neurons
The cell bodies of the neurons under transmitted light 
and phase-contrast microscopic observation appeared to be 
72y + 8y in diameter. Each soma had about 20 dendrites 
(p. 81), but one is viewing it two dimensionally. The 
cytoplasm of the isolated cells appeared granular, had a 
relatively high refractive index (p. 114) and lipofuscin 
(p. 94). The nucleus was 19y + 3y in diameter. The nucleo­
plasm was homogenous, and had a lower refractive index than 
the nucleolus and cytoplasm and was lacking granules. It .
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was oval or circular in shape (p. 112), and contained DNA 
(p. 52) but not lipofuscin (p. 94). The nucleolus was 
6y + 2y in diameter. Usually one nucleolus was present 
but the percentage of double nucleoli increased from 17 
to 29% on incubation with PHA plus calf-serum (p. 79). In 
light microscopy of unfixed neurons the nucleolus was 
surrounded by a complete uniform membrane (p. Ill & 112), 
the pars-amorpha appeared to be clear, and the nucleolonema 
was filamentous or granular and also fluoresced (p..113).
The nucleolus contained lipofuscin (p. 94) and also probably 
nucleotides (p. 70).
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Autofluorescence of Isolated Unfixed Rabbit Deiters’ Neurons and Surrounding Neuroglial Clumps
Neurons were isolated from the Deiters’ nuclei of 
young rabbits weighing 2-3 kg by the method of H y d e n 1*2. 
Groups of small neuroglia, of similar volumes to which 
H yden has given the name ‘clumps’3 were also separated 
from the adjacent neurons. The single neurons or neuro­
glial ‘clumps’ were incubated in ‘199’ culture medium4 in 
parallel-walled chambers made from microscope slides5. 
Over 150 neurons and 50 neuroglial clumps were examined 
with mercury vapour illumination, at an overall magnifica­
tion of X600, using Leitz filters BG 38 and UG 1, under 
either a Beck 48 or a Leitz Orthoplan microscope; the 
exciting wavelength was approximately 3650 A. Both the 
neurons (Figure 1) and the neuroglial 'clumps’ fluoresced. 
The intensity of this fluorescence in a random selection of 
these cells was measured using an EEL microphotometer; 
the image contrast was calculated using the formula of 
Y o u n g 6, as
in ten sity  of object -  in ten sity  of background  
in ten sity  of object.
For 11 neurons and 9 neuroglial ‘clumps’, the contrast was 
0.28 d: 0.07, and 0.34 ±  0.22, respectively. The relatively 
larger variation in respect of the neuroglial clumps proba­
bly reflects greater variability of their sizes.
Methylene blue causes amino acids to fluoresce7, and 
‘199’ medium contains several fluorochromes4. Therefore, 
it was decided to isolate the same cells without methylene 
blue in isotonic NaCl only, and to examine them for 
fluorescence immediately. As soon as they were exposed, 
a weak applegreen fluorescence was detected, and then
1 H . H y d e n , N ature, Lond. 184, 433 (1959).
2 H . H i l l m a n  and H . H y d e n , H istochem ie 4 , 446 (1965).
3 H . H y d e n , A cta m orph, neerlando-scand. 3 , 170 (1969).
4 J . F .  M o r g a n , H . J . M o r t o n  and R. C. P a r k e r , Proc. Soc. exp . 
B iol. Med. 73, 1 (1950).
5 P. S a r t o r y , J . F a s h a m  and H . H i l l m a n , M icroscopy 3 2, 93 (1971).
6 M. R . Y o u n g , Q. J1 m icrosc. Sci. 102, 419 (1961).
7 L. W e i l , W .  G. G o r d o n  and A. R. B u c h e r t , Arch. B iochem . 
B iophys. 33, 90 (1951).
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a b
lug. 1. Fluorescence of 2 neurons isolated using m ethylene blue, incubated  in  ‘199’ m edium 3; a) a cell fluorescing 30m in after placing 
in the m edium ; b) another cell after 6 weeks’ incubation. Note th a t the nucleolus is fluorescing. The b a r  is 20p.m long in all figures.
a b c
Fig. 2. Fluorescence of 3 neurons, isolated in, and placed in 0.9% NaCl solution. The nucleus of one cell (a) has been partially  separated and 
is seen to fluoresce less than  the cytoplasm . Cell (a) had been placed in 0.9% NaCl solution im m ediately after isolation, while cells (b) and (c) 
had been kept in saline for 6 weeks a t 4°C.
increased  to  a m ax im um  in ten s ity  a fte r 30-45 m in 
con tinuous exposure (Figure 2); th e  im age in ten s ity  of 
11 neurons a t  th is  tim e  w as 0.22 ^  0.08, and  for 13 neuro­
glial ‘c lum ps’ w as 0.23 4: 0.09. I t  d id  n o t change in in ten ­
s ity  for a t  least 6 weeks if th e  cells were k ep t in th e  m edium  
a t 4°C. I t  w as alw ays p resen t un iform ly  th ro u g h o u t th e  
cy top lasm , and  usually  in th e  nucleolus, b u t rare ly  in th e  
nucleoplasm  (F igure 2). I t  d id  n o t diffuse out. W hereas 
th e  neurons to o k  30-45 m in for th e  full in ten s ity  of th e  
fluorescence to  develop, th e  neuroglial clum ps fluoresced 
im m edia te ly  a t  th e ir  m ax im um  in ten s ity  and  w ith  th e  
sam e w ave leng th  of em ission. T he fluorescence of bo th  
neurons and  neuroglia w as p resen t w ith o u t added  fluoro- 
chom es, in unfixed  cells, and  in  aqueous m edia. I ts  
w aveleng th  w as exam ined  using e ither a L eitz  or a B row n­
ing m icrospectroscope, and  th e  yellow  green emission
w as of peak  w avelength  5400-5700 A. I t  was concluded to  
arise from  th e  lipo fuscin8, w hich has been detec ted  
prev iously  in sections of fixed para ffin -em bedded  
nervous tis su e 9-12. H ow ever, th e  p resen t findings also
8 A. G. E. P e a r s e , Theoretical and Applied Histochemistry, 3rd edn. 
(Churchill-Livingstone, Edinburgh 1972), vol. 2, p. 1177.
9 H. FI .  W i l c o x , in the Process of Ageing in  the Nervous System  
(Eds. J . E. B i r r e n , L. A. I m m s  and W. F. W i n d l e , Charles 
C. Thomas, Springfield, 111. 1959), p. 16.
10 N. S u l k i n  and P .  S r i v a n i j , J . Geront. 75, 2 (1960).
11 T. S a m o r a j s k i , J . M. O r d y  and J . R. K e e f e , J . Cell Biol. 26, 779 
(1965).
12 W. R e i c h e l , J . F I o l l a n d e r , J . H. C l a r k  and B. L. S t r e h l e r , 
J . Geront. 23, 71 (1968).
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Fig. 3. Fluorescence of a neuroglial ‘clum p’ isolated in, and im m edi­
ately  exam ined in, 0.9% NaCl solution.
differed from  these quoted , in th a t  1. th e  p resen t cells, 
th e  whole of th e  cy top lasm  fluoresced, com pared  w ith  
less th a n  18% in th e  la tte r , 2. th e  lipofuscin in  ou r cells 
w as n o t confined to  granules, 3. th e  p resen t neurons and 
neuroglia w ere unfixed and  isolated, 4. in th e  an im als were 
generally  younger, and  5. th e  p rep a ra tio n  carried  o u t in 
th e  p resen t experim en ts was m uch sim pler th a n  th a t  in th e  
experim en ts quoted .
Resume. N ous avons d6m ontre l ’autofluorescence dans 
des neurones e t neuroglies detachees du noyau  de D eiters 
du lapin. Les cellules fu ren t isolees e t exam inees dans une 
solu tion  de 0.9%  NaCl, sans fixation , d e sh y d ra tio n  ou 
ad d itio n  de fluorochrom es. L a longueur d ’onde de la  
fluorescence e ta i t  5400-5700 A, e t la  fluorescence appa- 
ra issa it d ’h ab itu d e  dans le cytop lasm e e t le nucleole. On 
a conclu q u ’elle p ro v ien t de la lipofuscine.
H .  H i l l m a n , T. H u s s a i n  and  P. S a r t o r y
U nity Laboratory, D epartm ent of Biological Sciences, 
U niversity of Surrey, Guildford  
(Surrey, U .K .), 23 M arch 1973.
13 We wish to thank  the H andicapped Children’s Aid Com m ittee of 
London for a studentship  to T .H . and substan tial equipm ent.
| From the Proceedings of the Physiological Society, 13-14 July 1973] 
Journal of Physiology, 234, 3-5 P
A u to flu o re s c e n c e  in  is o la te d  r a b b it  D e ite r s ’ n eu ro n es  an d  th e  
p resen ce  o f a n u c le o la r  m e m b ra n e
B y T. Hussein,* H. H illman and P. Sa rt o r y. Unity Laboratory, Depart­
ment of Biological Sciences, University of Surrey, Guildford, Surrey
Neurones and neuroglia were isolated by hand in 0-25 m  sucrose by the 
technique of Hyden (1959), and examined in parallel-walled chambers by 
phase-contrast microscopy (Sartory, Fasham & Hillman, 1971). Over 
100 neurones and 100 neurogial clumps were seen to fluoresce under a 
Beck 48 or a Leitz Orthoplan microscope, with mercury-vapour illumina­
tion and filters BG 38 and UG 1 (exciting wave-length approximately 
3650 A ); these cells had been slightly stained with methylene blue and 
were incubated in ‘ 199’ culture medium.
Since methylene blue is known to cause amino acids to fluoresce, and 
‘ 199’ medium contains several fluorochrom.es, it was decided to separate 
further cells in 0-9 % NaCl solution, and examine them in the same solution
Fig. 1. T he nucleo lar m em brane in  a  ra b b it D e ite rs’ neurones iso lated  and  
exam ined  in  0-9%  NaCl.
* U nity  R esearch  S tu d en t.
[P.T.O.
2w ith o u t addition  a t any tim e o f a fluorochrome. In  these conditions, the  
cells also fluoresced. Using a Brow ning microspectroscope the yellow -green  
emission was found to  have a peak w ave-length o f 5400-5700 A ; i t  d id not 
change in  in tensity  fo r 4 -6  weeks i f  the cells were k ep t a t 4° C. I t  was 
always present throughout the cytoplasm and nucleolus, b u t rare ly  in  the  
nucleoplasm. I t  was concluded to  be lipofuscin (Pearse, 1972). Neurones in  
saline exam ined b y  visible ligh t had m uch more translucent nuclei and the  
structure o f the nucleolonema showed more contrast in  re lation  to  the pars 
am orpha th an  cells isolated w ith  m ethylene blue in  0-25 m  sucrose. In  
every one o f over 200 cells, a nucleolar m em brane was clearly visible, and 
was observed under transm itted  and phase-contrast microscopy in  
neurones from  the floor o f the IV t h  ventricle, the anterior horns, and sym ­
pathetic  and dorsal ganglia o f rabbits  (F ig . 1), rats, guinea-pigs, and frogs. 
The fluorescence and the nucleolar m em brane were demonstrated.
R E F E R E N C E S
H y d e n , H. (1959). Nature, Lond. 1 8 4 , 433-434.
P e a r s e , A. G. E. (1972). Histochemistry, Theoretical and Applied, 3rd edn. vol. 2, 
p. 1177. London: Churchill-Livingstone.
S a r t o r y , P., F a s h a m , J. & H i i x m a n , H. (1971). Microscopy, Lond. 3 2 , 93-100.
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A Nucleolar Membrane in Neurons
T. H U S S A IN , H . H IL L M A N  &  P. S A R T O R Y  
U nity  Laboratory, Departm ent of Biological Sciences, U niversity of Surrey, 
Guildford, Surrey, U.K.
Summary
A  nucleolar membrane has been detected by light m icroscopy in nerve cells 
isolated by hand from  the fourth ventricles, anterior horns, sym pathetic ganglia 
and dorsal ganglia, of rats, rabbits, guinea-pigs and frogs.
Introduction
T h e  s t r u c t u r e  of the nucleoli of fixed animal cells has been observed 
by light and electron microscopy (Hopker, 1953; Vincent, 1955; Bernard, 
Bauer, Gropp, Hagenau and Oberling, 1955; Busch and Smetana, 1970). 
Relatively few studies of the structure of unfixed and unstained cells have 
been made (Barer and D ick, 1957; Hyden, 1959; Sartory, Fasham and 
H illm an, 1971; H illm an, Hussain and Sartory, 1973).
During the latter examination of the autofluorescence of isolated neurons, 
it  was found necessary to separate them in 150 m M  N a C l, instead of the 
250 m M  sucrose in which such cells have been previously dissected (Hyden, 
1959, 1961; Sartory, et al., 1971). In  the form er medium, it  was found 
that the resolution of detail in the nucleus and nucleolus was much 
improved, and an interface between the nucleoplasm and the pars amorpha 
of the nucleolus was detected by phase contrast microscopy in neurons 
isolated by hand dissection from the Deiters’ nucleus of rabbit. This 
appearance was subsequently observed in nerve cells of all the four types 
examined in four different species by all the techniques of light m icro­
scopy available. I t  has been demonstrated at the Quekett Microscopical 
Club, the Physiological Society and the Anatom ical Society.
M aterials and Methods
A d u lt Dutch rabbits (T5  —  4 Kg), W istar albino rats (200 - 300 g) and guinea 
pigs (400 - 500 g) were anaesthetised w ith  a m ixture of ether and air and 
killed by exsanguination (H illm an and Hyden, 1965); frogs (Rana pipiens) 
were anaesthetised and decapitated between the cerebrum and the medulla% 
Neurons from the floor of the IV th  ventricle or the lumbar cord were 
dissected out by hand by the method of Hyden (1959) except that they  
were isolated in a solution containing only 150 m M  N a C l, instead of 
250m M  sucrose normally used hitherto by other authors and ourselves. 
Cells from the sympathetic and dorsal ganglia were separated as previously 
described (H illm an and Khallawan, 1970). The mammalian cells were 
placed on microscope slides in 150m M N a C l solution, and the frog cells 
in frog-Ringer solution; these slides were made into parallel-walled 
chambers (Sartory, et al., 1971). W hen the mammalian cells were to be 
kept, they were placed in 199 medium (Morgan, M orton  and Parker, 1950). 
The number and origins of the cells are given in Table 1. The unfixed cells 
were kept between examinations in a refrigerator at 4°C ; or at 37°C  if  kept
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Fig. 1. Four rabbit D eiters’ neurons in ‘ 199 ’ m edium  under phase contrast 
microscopy; a, b, isolated in 250mM sucrose; c, d, in 150mM N aC l solution. The 
horizontal bar is 10 ,«m in all figures, 
in ‘ 199 ’ medium—and were examined at magnifications between 500 and 
640 diameters. The following methods of microscopy were u s e d : t rans­
mitted light, vertical illumination, darkground illumination, phase contrast, 
interference-phase contrast, anoptral phase contrast, polarised light and 
ultraviolet light. With the latter method, mercury vapour illumination 
T a b l e  1. The numbers and kinds of nerve cells examined throughout the series 
of experim ents reported in this paper.
BRAIN A N T E R IO R D O R S A L  G A N G L IO N S Y M P A T H E T I C
AN IM A L C E L L S H O R N  C E L L S C E L L S G A N G LIO N  C E L L S
rabbit 500 40 150 60
guinea-pig 80 34 50 40
rat 90 32 100 50
frog 58 50 100 60
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Fig. 2. Four typical nerve cells isolated in 150mM or llOm M  N aC l and examined  
in the media indicated; a, rabbit Deiters’ neuron in ‘ 199 b, rat sym pathetic ganglion  
cell in ‘ 1 9 9 ’; c, guinea-pig dorsal ganglion cell in ‘ 1 9 9 ’; d , frog anterior horn cell
in frog-ringer solution, 
and filters BG 38 and UGI giving an exciting wavelength of approximately 
365 nm were used, with darkground illumination.
Results
The nuclei of the nerve cells always appeared more translucent when 
isolated in 150 mM  N aC l solution than in 250 mM sucrose, and the 
nucleolonema showed greater contrast (Fig. 1). A clear interface was first 
seen by phase contrast microscopy between the nucleoplasm and the pars 
amorpha of the nucleolus. This interface at any magnification appeared 
to be complete, and at least as thick as the nuclear membrane; focussing 
on planes above and below it revealed it to be approximately spherical 
(Fig. 2). The interface is illustrated in four different kinds of nerve cells 
in four different animals, but seemed to be a constant feature of all the
350
F i g .  3. The same neuron from the floor of the IVth ventricle photographed at the 
same focus by a, transm itted light, b, darkground illum ination, c, phase contrast, 
and d,  interference phase contrast microscopy.
nerve cells from the IVth ventricle, spinal cords and ganglia of the four 
species. In order to illustrate the properties of the membrane, the same 
cell was examined under each kind of microscopy. For the purpose of 
photographing the same cell the Leitz Ortholux microscope was used 
with transmitted light, darkground illumination, phase contrast, and inter- 
ference-phase contrast, with a total magnification of 500 diameters (Fig. 3). 
Under polarised light in these unfixed cells, neither the cell membrane, 
nor the nuclear membrane, nor the interface round the nucleolus, showed 
birefringence. Ultraviolet microscopy showed fluorescence in the cytoplasm 
and the whole nucleolus, much more than the nucleoplasm, as has been 
previously reported (Hussain, Hillman and Sartory, 1973).
Discussion
In the present study the interface was a constant feature of the nucleoli
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of nerve cells examined by all techniques of light microscopy. I t  was 
continuous and approximately spherical, and showed a relatively high 
degree of reflectance by darkground (Fig. 3) and vertical illumination. 
The histochemistry of the nucleolus is quite different than that of the 
nucleoplasm w ith  most stains (Busch and Smetana, 1970, p. 417; Hussain, 
H illm an and Sartory, in preparation). The better differentiation of the 
nucleolonema from the pars amorpha achieved by separating cells in 
saline solution perm itted observation of a clear space between the 
nucleolonema and the interface. These five criteria— shared by the nuclear 
membrane— led to the conclusion that this interface surrounding the 
nucleolus must be a membrane, to  which we have given the name nucleolar 
membrane. The reason for which this membrane has not been previously 
reported could have been that the definition of intranucleolar contents was 
poorer When cells were isolated in sucrose than it  was in saline (Fig. 1). 
The granular appearance in sucrose was probably due to precipitation of 
the nucleolar "contents by sucrose. W e suggest that other unfixed cells 
should be examined to see if  a nucleolar membrane is present.
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